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UNDERGROUND MINE COMMUNICATIONS 
(In Four Parts) 
4. Sect ion-to-P lace Commun icat ions 
Cornpi led by Staff-Mining Research 
ABSTRACT 
This  Bureau of Mines r e p o r t  on underground mine communications addresses  
methods and equipment t o  meet t h e  communication requirements  of working 
s e c t i o n s  and p l ace s  of c o a l  and metal-nonmetal mines.  A review of t he  s t a t u s  
of t rapped  miner d e t e c t i o n  i s  a l s o  presen ted .  
INTRODUCTI 
This  r e p o r t  focuses  on equipment and methods t o  meet t he  s p e c i a l  com- 
municat ions  needs of key i n d i v i d u a l s  i n  t he  working s e c t i o n s  and p laces  of 
c o a l  and metal-nonmetal mines. A t t e n t i o n  i s  a l s o  d i r e c t e d  toward r ecen t  
developments i n  and f u t u r e  p lans  f o r  l o c a t i n g  and communicating w i th  t rapped 
miners .  
A wide assor tment  of  techniques  and u l t rah igh- f requency  (UHF) r a d i o  hard- 
ware by which mine ope ra to r s  can i n c r e a s e  t he  s a f e t y  and p r o d u c t i v i t y  of 
s ec t i on -p l ace  mining ope ra t i ons  i s  now a v a i l a b l e .  Theref o r e ,  a comprehensive 
t rea tment  i s  g iven  t o  mine a p p l i c a t i o n s  and exper iences  w i th  commercially 
a v a i l a b l e ,  MESA-approved , UHF p o r t a b l e  r a d i o s  , r e p e a t e r s  , and accessory  hard-  
ware.  App l i ca t i ons  inc lude  two-way r a d i o  communications between supe rv i so ry ,  
maintenance,  and v e n t i l a t i o n  personnel  working i n  b a s i c  room-and-pillar 
s e c t i o n s ;  between miners working i n  s e c t i o n s  w i t h  s p e c i a l  needs ,  such a s  
longwalls  and s h o r t w a l l s ,  and i n  s e c t i o n s  w i t h  fu l l -d imens ion  cont inuous 
haulage ; between i s o l a t e d  workers ( f o r  example, fan-hole  d r i l l e r s )  and super-  
v i s o r y  personne l ;  and between s e c t i o n  and o f f - s e c t i o n  personnel  communicating 
v i a  r a d i o  i n t e r connec t s  w i t h  mine phone systems.  
To meet miner-on-the-move communication needs ,  which a r e  d i f f i c u l t  f o r  
UHF r a d i o  t o  s a t i s f y ,  t h e  Bureau of Mines i s  developing a medium-frequency 
w i r e l e s s  communication system. The s t a t u s  of t h e  hardware development t o  d a t e  
and t h e  a s s o c i a t e d  in-mine medium-frequency r a d i o  s i g n a l  measurement program 
a r e  de sc r ibed .  
Longwall mining i s  a major component of  t he  Bureau's program f o r  
i n c r e a s i n g  U.S. c o a l  p roduc t ion ,  and t h e  number of longwall  mining s e c t i o n s  i n  
t h e  United S t a t e s  con t inues  t o  i n c r e a s e  each y e a r .  The re fo re ,  a paper i s  
devoted t o  t h e  s p e c i a l  communication and c o n t r o l  needs of s e c t i o n  foremen,  
r o o f - s u p p o r t  advance p e r s o n n e l ,  machine o p e r a t o r s  , and workers  a t  t h e  head 
and t a i l  g a t e s  of longwal l  s e c t i o n s .  It c o v e r s  b o t h  U.S. and European 
p r a c t i c e s  and equipment e x p e r i e n c e s  , and commercial ly a v a i l a b l e  , MESA-approved 
r a d i o  and wi red  equipment f o r  v o i c e  communication,  s i g n a l i n g ,  and c o n t r o l .  
Developing e f f e c t i v e  and p r a c t i c a l  means of l o c a t i n g  and communicating 
w i t h  t r apped  miners  c o n t i n u e s  t o  be a n  i s s u e  of  p r i o r i t y  t o  t h e  Bureau of 
Mines.  A paper  on t r a p p e d  miner  l o c a t i o n  and communication d e s c r i b e s  t h e  
p r e s e n t  p r e p r o d u c t i o n  u l t r a l o w - f r e q u e n c y  (ULF) e  l e c t r o m a g n e t i c  (EM) 
hardware f o r  use  by underground miners  and s u r f a c e  r e s c u e  teams. A l s o  
d i s c u s s e d  a r e  t e s t  r e s u l t s  f o r  a  s i m u l a t e d  mine d i s a s t e r ,  t h e  p r e s e n t  measure- 
ment program t o  v e r i f y  performance of t h e  ULF t r a n s m i t t e r s  th rough  a  v a r i e t y  
of overburdens  , and planned r e l i a b i l i t y  t e s t i n g  of the  t r a n s m i t t e r s  i n  s e v e r a l  
mines .  L a s t l y ,  t h e  approach and s t a t u s  of a  program t o  deve lop  a  r e l i a b l e  
mine r e f u g e  s h e l t e r  communication sys tem based on t h r o u g h - t h e - e a r t h  s i g n a l i n g  
t e c h n i q u e s  a r e  d e s c r i b e d .  
Throughout t h e  p r o c e e d i n g s ,  ment ion of  t r a d e  names i s  made t o  f a c i l i t a t e  
u n d e r s t a n d i n g  and does n o t  imply endorsement by t h e  Bureau of  Mines u n l e s s  
o t h e r w i s e  s t a t e d .  
UHF SECTION-TO- PLACE R A D I O  
by 
Robert A .  Bradburn' and Robert L. ~ a ~ a c e "  
ABSTRACT 
Permissible  ul t rahigh-frequency (UHF) s e c t i o n  r a d i o  equipment i s  a v a i l -  
ab l e  and being succes s fu l ly  used underground i n  a  v a r i e t y  of mine s e c t i o n  
a p p l i c a t i o n s ,  such a s  on a  longwall f a c e ,  a long a  ful l -dimension haulage u n i t ,  
and i n  a  magnet i te  mine. Moreover, r ecen t  experiences wi th  UHF rad io  i n  
s e v e r a l  room-and-pillar mine s e c t i o n s  have been encouraging. 
With a  wide assortment of hardware from which the  mine opera tor  can 
choose,  s e c t i o n  r a d i o  systems ranging i n  complexity from bas i c  por tab le- to-  
po r t ab l e  communications t o  systems in te rconnected  wi th  mine-wide phone 
networks can be configured t o  meet vary ing  requirements .  
INTRODUCTION 
A v a r i e t y  of oppor tun i t i e s  f o r  improved s a f e t y  and management a r e  made 
poss ib l e  by the  use of por tab le  UHF r ad ios  i n  mine working s e c t i o n s .  This can 
be apprec ia ted  by cons ider ing  the  fol lowing in s t ances .  
B e t t e r  coord ina t ion  of s e c t i o n  a c t i v i t i e s  can be achieved wi th  por tab le  
UHF r a d i o s ,  r e s u l t i n g  i n  a  s a f e r  opera t ion ;  f o r  example, dur ing  the  movement 
of s e v e r a l  mobile machines t h a t  must work i n  concer t  w i th  each o t h e r .  I n  
many cases  t he  opera tors  cannot see  one ano the r ,  but w i th  a  system of 
communications they can e f f e c t i v e l y  work toge the r .  Another example i n  which 
s a f e t y  i s  improved by b e t t e r  comun ica t ion  i s  the  con tac t  t h a t  can be e s t ab -  
l i s h e d  wi th  i s o l a t e d  workers t o  check t h e i r  s t a t u s ;  f o r  example, fan-hole 
d r i l l  ope ra to r s  i n  i r o n  ore mines. 
Improved management can be r e a l i z e d  by means of e f f e c t i v e  s e c t i o n  
comunica t ion .  The foreman can e x e r c i s e  b e t t e r  supervisory c o n t r o l ,  r e s u l t i n g  
i n  more e f f i c i e n t  u t i l i z a t i o n  of a v a i l a b l e  personnel .  Another b e n e f i t  i s  t he  
r educ t ion  of unnecessary t r a v e l ,  an  extreme burden when mining low c o a l ,  
p a r t i c u l a r l y  on longwalls , Addi t iona l ly ,  such workers a s  repairmen, mechan- 
i c s ,  and u t i l i t y m e n  can be quick ly  reached and dispatched t o  t h e i r  place 
of  need a t  t he  t ime of need. 
Figure 1 shows a  machine opera tor  wi th  a  UHF wa lk ie - t a lk i e  and a  
s p e c i a l  r a d i o  headset  assembly while  a t  t h e  con t ro l s  of a  continuous miner.  
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FIGURE 1. - Machine operator equipped w i t h  radio and headset. 
Although r e l a t i v e l y  new t o  t he  working crews i n  underground mine s e c t i o n s ,  i t  
i s  reasonable  t o  expec t  t h a t  UHF r a d i o  communication w i l l  f i nd  i nc reas ing  
a p p l i c a t i o n s  of t h i s  type  a s  t he  ques t  f o r  expanded p roduc t iv i t y  i n t e n s i f i e s .  
UHF RADIO SYSTEMS I N  MINES 
Basic Bui lding Blocks 
The development of a UHF r a d i o  system f o r  a mine working s e c t i o n  can 
be approached from the s tandpoin t  of a b a s i c  "bui lding block" philosophy. 
I n  f i g u r e  2 ,  t h e  fundamental b u i l d i n g  block i s  t h e  UHF walk ie - t a lk i e  r a d i o .  
Seve ra l  of t he se  a r e  sometimes a l l  t h a t  i s  r equ i r ed  f o r  an  e f f e c t i v e  s e c t i o n  
wide communication system. Usually, however, c e r t a i n  po r t ab l e  acces so r i e s  a re  
h e l p f u l  t o  some miners;  namely, speaker-microphone headse t s ,  c a r ry ing  v e s t s ,  
and remote handheld microphones . 
I n  some s i t u a t i o n s ,  i t  i s  necessary t o  extend the  range of communica- 
t i o n s  beyond t h a t  ach ievable  when t r a n s m i t t i n g  d i r e c t l y  between po r t ab l e  
T o  mine 
phone system 
u n i t s .  This can be accom- 
p l i shed  by adding a  r a d i o  
I r e p e a t e r  t o  t he  system. 
A r e p e a t e r ,  which can e f f e c -  
Interconnect t i v e l y  double the  a r e a  of 
coverage,  i s  e s s e n t i a l l y  a  
Antennas s i g n a l  boos te r  t h a t  t r a n s -  
forms weak s i g n a l s  rece ived  
Radiating cable from d i s t a n t  r ad ios  i n t o  
s i g n a l s  r e t r ansmi t t ed  a t  
f u l l  power. Fu r the r  enhance- 
Radio repeater ment i s  pos s ib l e  by connect- 
i n g  t h e  r e p e a t e r  t o  i t s  
antenna by means of a  long 
length  of s p e c i a l  " rad ia t ing"  
Portable accessories cab le  extended i n t o  a r e a s  
of poor coverage,  such a s  
t he  a r e a  along a  longwall  
chockway. Radia t ing  cab le  , 
Portable radios a l s o  known a s  leaky coax 
o r  leaky f e e d e r ,  has t h e  
c h a r a c t e r i s  t i c  of a l lowing 
FIGURE 2. - B u i l d i n g  blocks for UHF section radio. r a d i o  s i g n a l s  t o  leak out  
of o r  i n t o  i t s e l f  a t  a  
c o n t r o l l e d  r a t e .  It e f f e c t i v e l y  behaves a s  a  long antenna wi th  t h e  a t t enden t  
c a p a b i l i t y  of fo l lowing  corners  and bends. 
For  a  comprehensive sys  tern, some mines may inc lude  an  in te rconnec t  t o  
a l low communication between a  s e c t i o n  r a d i o  system and the  su r f ace  o r  o the r  
o f f - s e c t i o n  a r e a s  by i n t e r f a c i n g  the  r a d i o  system wi th  a  minewide network, 
such a s  a  page-phone o r  t rol ley-phone system. This  would be u s e f u l ,  f o r  
example, f o r  paging key personnel  i n  t h e  s e c t i o n  who a r e  ou t  of aud ib l e  range 
of t h e  s e c t i o n  pager phone. However, t h e  i n t e r connec t  should opera te  only on 
a  s e l e c t i v e  b a s i s  t o  avoid i n t e r f e r e n c e  t o ,  o r  by ,  t he  s e c t i o n  r a d i o s .  Hard- 
ware f o r  implementing t h i s  idea  i s  commercially a v a i l a b l e ,  and a d d i t i o n a l  
equipment w i l l  be s o  i n  t h e  near  f u t u r e .  
These a r e  t he  b a s i c  c o n s t i t u e n t s  of a  s e c t i o n  r a d i o  communication 
system; t h a t  i s ,  po r t ab l e  r ad ios  and a c c e s s o r i e s ,  r a d i o  r e p e a t e r s ,  r a d i a t i n g  
cab le  , antennas , and in t e r connec t ing  hardware. A simple sys  tern may cons i s  t 
of only a  few wa lk i e - t a lk i e s  c a r r i e d  by s e v e r a l  s e l e c t e d  i nd iv idua l s .  A 
more e l a b o r a t e  system might have ,  a d d i t i o n a l l y ,  a  r e p e a t e r  feeding an  
antenna-terminated r a d i a t i n g  c a b l e ,  and a  s e l e c t i v e  i n t e r connec t ion  between 
s e c t i o n  communication and minewide communication. Figure 3 shows some of 
t h e  r a d i o  hardware t h a t  a r e  p r e s e n t l y  a v a i l a b l e  i n  MESA-approved ve r s ions .  
T v ~ i c a l  Communication Ranges 
Almost anyone who has  r i dden  i n  an  automobile i s  f a m i l i a r  w i t h  t he  r a d i o  
fade  t h a t  occurs when a  c a r  e n t e r s  a  t unne l .  A mine can be looked upon a s  a  
v a s t  network of tunne ls  going o f f  i n  va r ious  d i r e c t i o n s .  One might e x p e c t ,  
FIGURE 3. - UHF radio hardware. 
cllcn, , that  r a d i o  wave propagat ion would be very  poor i n  mines. This i s  gen- 
e r a l l y  t r u e ,  and i t  i s  not  f e a s i b l e  t o  design p r a c t i c a l  "wireless"  po r t ab l e  
r ad ios  capable of f u l l  mine coverage,  except  poss ib ly  f o r  t he  sma l l e s t  mines. 
I-Iowever , a  11 i s  not  s o  pes s imis t i c  a s  t he  foregoing may sugges t .  Both theory 
and  experience teaches t h a t  t he  propagat ion c h a r a c t e r i s t i c s  of r a d i o  waves i n  
mine tunnels  improve as  the frequency increases  i n t o  the UHF band. This  i s  
a t t r i b u t a b l e  t o  a waveguide e f f e c t  t h a t  i s  prominent when the  wavelength of 
the r ad io  wave becomes smal l  compared wi th  the  c ros s - sec t iona l  dimensions of 
the  tunne l .  I n  the UHF band from 400 t o  1,500 megahertz,  tunnel  propagat ion 
i s  s u i t a b l e  enough t o  provide sectionwide r a d i o  coverage. 
Probably the most important f a c t o r  t h a t  determines t h e  a b i l i t y  of UHF 
r a d i o  waves t o  propagate i n  underground mine tunnels  i s  the  c ros s - sec t iona l  
dimension of t h e  tunnels .  I n  gene ra l ,  a  h i g h ,  wide opening favors  good 
propagat ion ,  whereas a  low, narrow opening presents  a  l e s s  favorable  medium 
f o r  radio-wave propagat ion.  Figure 4  shows a  comparison i n  t he  a b i l i t y  of 
450-megahertz UHF r ad io  waves t o  propagate i n  high c o a l  ( 7  f e e t )  a s  opposed 
t o  low coa l  (3.5 f e e t ) ,  assuming an  unobstructed 16-foot-wide e n t r y .  The 
comparison a l s o  assumes t h a t  2-watt UHF walk ie - t a lk i e s  a r e  t he  source of 
s i g n a l .  As ind ica t ed  i n  f i gu re  4 ,  communication i s  poss ib le  f o r  ranges up t o  
1,500 f e e t ,  a long  a  s t r a i g h t  e n t r y  i n  high c o a l ,  but  the  range drops t o  400 
f e e t  i n  low c o a l .  Of course the  same p r i n c i p l e s  apply t o  tunnels  i n  
nonc oa 1 mines . 
!I Portable radio 
Radio path High coal Low coal 
- -  Straight line 1500 f t  400 ft 
Around but near 900 f t  300 ft  -- one corner 
More than 20 f t  around 400 f t  200 f t  
one corner 
Second corner Poor 
penetration 
4 
FIGURE 4. - Typ ica l  ranges in unobstructed mine tunnels. 
Corners present  obs tac les  t o  the  propagation of UHF r ad io  waves down 
cross  tunnels  , thereby reducing the communication range a s  shown. For a  
path t h a t  includes one co rne r ,  ranges a r e  reduced but  improve i f  one of the  
rad ios  can be moved c l o s e r  t o  the  corner .  However, pene t r a t ion  around a 
second corner  i s  u sua l ly  poor. To he lp  o f f s e t  t h i s  corner  e f f e c t ,  i t  i s  good 
p r a c t i c e  t o  t ransmi t  from i n t e r s e c t i o n s  when p o s s i b l e ,  thus reducing the  num- 
b e r  of corners  t h a t  have t o  be negot ia ted .  Some o ther  cbs t ac l e s  t o  radio-wave 
propagation a t  u l t r a h i g h  frequencies  a re  equipment such as  s h u t t l e  ca r s  and 
machines t h a t  reduce the  channel c ros s - sec t iona l  a rea  of t he  tunnels  or  
e n t r i e s ,  and permanent stoppings . Table 1 shows t h a t  when s h u t t l e  ca r s  a r e  
p r e s e n t ,  f o r  i n s t a n c e ,  the  range i s  t y p i c a l l y  reduced by 200 f e e t  i n  high 
coal  and by 50 f e e t  i n  low coa l .  On the  o ther  hand, some types of permanent 
stoppings can present  an almost impenetrable b a r r i e r  t o  UHF r a d i o  waves. The 
amount of range reduct ion  due t o  undula t ions ,  cu rves ,  and o ther  bends i n  the  
tunne l  ranges from moderate t o  seve re ,  depending on the  degree of bend. 
TABLE 1. - Typical  range reduction1 due t o  tunnel  obs t ruc t ions  a t  450 k i l o h e r t z  
.................... Bends.. I Moderate t o  severe I Moderate t o  severe 
Low coal  (3-1/2 by 16 f t )  
50 S h u t t l e  c a r . . . .  ...... f e e t . .  
High coa l  (7  by 16 f t )  
200 
Permanent s  toppings ........ ........... Longwalls .feet.. 
l ~ o r  ange improvement, use r a d i a t i n g  cable  and/or r epea te r .  
Moderate t o  severe 
1,200 
Moderate t o  severe 
250 
The range of e f f e c t i v e  communication can be s u b s t a n t i a l l y  increased  by 
the  u s e ,  and jud ic ious  placement, of a  r e p e a t e r ,  and i n  some a p p l i c a t i o n s ,  
a  r a d i a t i n g  cab le .  When t h i s  i s  done, good communication can be e s t a b l i s h e d  
even under some of t h e  worst condi t ions  encountered on working s e c t i o n s .  
This  i s  i l l u s t r a t e d  i n  f i g u r e  5 .  Refer r ing  t o  f i g u r e  5 ,  and ignor ing  the  
dashed l i n e s  f o r  t he  moment, suppose t h e  two r ad ios  labe led  A and B a r e  out  
of d i r e c t  r a d i o  range of each o the r .  The r e p e a t e r  can func t ion  t o  b r ing  the  
r a d i o s  w i t h i n  range i n  t h e  fol lowing manner. When r ad io  A t ransmi ts  on 
frequency F l y  the  s i g n a l  i s  picked up by the  r e p e a t e r ,  which ampl i f ies  and 
converts  the s i g n a l  t o  a d i f f e r e n t  frequency F2, and r e t r ansmi t s  i t  a t  a  
h igher  power l e v e l .  Radio B r ece ives  t h e  r e t r ansmi t t ed  s i g n a l .  I n  t h i s  way, 
communications from r a d i o  A t o  r a d i o  B and B t o  A a r e  e s t a b l i s h e d .  
When t h e  tunnels  between t h e  po r t ab l e  r ad ios  a r e  heavi ly  obs t ruc ted  by 
machinery o r  meta l  roof-support s t r u c t u r e s ,  r a d i a t i n g  (leaky coax) cable  may 
a l s o  have t o  be i n s t a l l e d  i n  t h e  tunnel  t o  pick up and c a r r y  the  s i g n a l s  t o  
and from t h e  r epea t e r  and por tab le  r ad ios .  The dashed l i n e s  i n  f i g u r e  5 
show a  sample cab le  i n s t a l l a t i o n  f o r  use wi th  t h e  r epea t e r .  I n  t h i s  c a s e ,  t h e  
s i g n a l s  from r a d i o  A a r e  picked up e i t h e r  by the antenna connected t o  the  
cab le ,  o r b y  the  cab le  i t s e l f ,  c a r r i e d t o t h e r e p e a t e r  , r e t r a n s m i t t e d a s  F2 s i g -  
n a l s  onto t h e  cab le ,  c a r r i e d  a longby the  c a b l e  and leaked i n t o  the  tunnels  where 
Auxiliary radiating cable - (if required) 
FIGURE 5, - Extending ranges wi th repeater and radiating cable, 
they  a r e  r ece ived  by r a d i o  B .  The r eve r se  occurs  f o r  t ransmiss ions  from B 
t o  A .  
UHF RADIO FOR BASIC ROOM-AND- PILLAR SECTIONS 
S e v e r a l  i n d i v i d u a l s  working i n  room-and-pi l lar  s e c t i o n s  can be equipped 
w i t h  w a l k i e - t a l k i e  r a d i o s .  Thus equipped ,  t h e  s e c t i o n  foreman can p r a c t i c e  
b e t t e r  s u p e r v i s i o n  by main ta in ing  i n s t a n t  c o n t a c t  w i th  t h e  va r ious  workers .  
Machine ope ra to r s  can coo rd ina t e  t h e i r  a c t i v i t i e s  more e f f i c i e n t l y ,  r e s u l t i n g  
i n  a  smoother and s a f e r  ope ra t i on .  The s h o t  f i r e r  can  warn o t h e r  pe r sonne l ,  
by r a d i o ,  when he i s  about  t o  f i r e .  Unnecessary t r a v e l  by i n d i v i d u a l s  can  
be e l im ina t ed  o r ,  a t  l e a s t ,  reduced. 
The minimum accep t ab l e  coverage f o r  a  r a d i o  system i n  a  room-and-pillar 
s e c t i o n  should be a t  l e a s t  one-half  t h e  a r e a  inby the  power c e n t e r .  Under 
many circumstances  t h i s  w i l l  provide adequate  coverage s i n c e  most workers a r e  
u s u a l l y  l o c a t e d  i n  one p a r t  of t h e  working s e c t i o n  a t  any one t ime.  However, 
i n  some c i rcumstances ,  some workers a r e  l i k e l y  t o  be o u t  of range .  To 
r e c t i f y  t h i s ,  a  c e n t r a l l y  l oca t ed  r a d i o  r e p e a t e r  c an  be employed t o  extend 
communication coverage t o  n e a r l y  100 percen t  of the  s e c t i o n .  I n  some c a s e s ,  
i t  may be necessary  t o  use r a d i a t i n g  cab l e  t o  ex tend  coverage i n t o  weak a r e a s .  
I n  o t h e r  s i t u a t i o n s ,  i t  may be d e s i r a b l e  t o  l o c a t e  t h e  r e p e a t e r  a t  a  l o c a t i o n  
remote from i t s  an tenna ;  f o r  example,  a t  t h e  s e c t i o n  power c e n t e r .  S u i t a b l e  
c o a x i a l  c a b l e ,  such a s  RG-8, which a l s o  has  r a d i a t i n g  p r o p e r t i e s  can  be used 
f o r  t h i s  purpose.  
UHF s e c t i o n  r a d i o  has  r e c e n t l y  been used s u c c e s s f u l l y  on room-and-pillar 
working s e c t i o n s  a t  s e v e r a l  mines.  The Bureau of Mines c l o s e l y  monitored t h e  
exper ience  gained a t  two such mines--Jenny mine nea r  Inez , Ky . , and Peabody 
No. 10 mine n e a r  Shawnee, 111. I n  each mine, one working s e c t i o n  was opera ted  
a s  p a r t  of t h e  Bureau-sponsored I n h e r e n t l y  Safe  Mining System (ISMS) p r o j e c t  
and was provided w i t h  UHF r a d i o  communication. 
Jennv Mine I n s  t a l l a t i o n  
The Jenny mine had a  s i n g l e  convent iona l  room-and-pi l lar  s e c t i o n  and was 
i n  p roduc t ion  18 months,  t h e  d u r a t i o n  of t h e  ISMS p r o j e c t .  A l ayou t  diagram 
of  t h e  working s e c t i o n  a t  t h a t  mine i s  shown i n  f i g u r e  6 .  The seam he igh t  was 
medium low (42 t o  48 i n c h e s ) .  The s e c t i o n  r a d i o  system c o n s i s t e d  of walkie-  
t a l k i e  r a d i o s  c a r r i e d  by v a r i o u s  miners and a  r a d i o  r e p e a t e r  l oca t ed  a t  a  
communications c e n t e r  (known a s  t h e  communication s l e d ) ,  which was placed nea r  
t he  power s l e d .  The foreman, mechanic,  s h o t  f i r e r ,  and a  u t i l i t y  c leanup man 
were equipped w i t h  2-watt w a l k i e - t a l k i e s  ope ra t i ng  on two channe l s ,  454 and 
457 megahertz.  One t r a n s m i t  channel  was used f o r  d i r e c t  po r t ab l e - t o -po r t ab l e  
communications , and t h e  o t h e r  channel  was used f o r  po r t ab l e - t o -po r t ab l e  
communications v i a  t h e  r e p e a t e r .  The channel  i s  s e l e c t e d  by means of a  
m u l t i p o s i t i o n  swi tch  on t h e  HT 220 w a l k i e - t a l k i e s .  
The purpose of  t he  r e p e a t e r  a t  t h e  Jenny mine was twofold: (1) To 
extend coverage beyond the  d i r e c t  po r t ab l e - t o -po r t ab l e  r ange ,  and (2 )  t o  
provide a n  i n t e r c o n n e c t  between t h e  r a d i o  system and a  system of c a r r i e r  
Face 1 20. I- 60' k- phones, which were mounted 
on mobile machines and 
in te rconnec ted  by means of 
t he  t r a i l i n g  cab l e  con- 
duc tors  t o  t h e  machines. It 
was thus pos s ib l e  t o  
communicate between roving 
miners equipped wi th  walkie-  
t a l k i e s  and machine opera- 
t o r s  equipped wi th  powerline 
c a r r i e r  phones. Paging i n t o  
t he  s e c t i o n  r a d i o  system 
from a  su r f ace  po in t  was 
a l s o  pos s ib l e  v i a  a  su r f ace -  
t o - s e c t i o n  carr ier-phone 
l i n k  and a  s p e c i a l  i n t e r f a c e  
i n  t h e  communication s l e d .  
A low-frequency through-the- 
e a r t h  r a d i o  l i n k  between t h e  
su r f ace  and comrnunica t i o n  
s l e d  was a l s o  provided. A 
block diagram of t h e  system 
i s  shown i n  f i g u r e  7 .  
FIGURE 6, - Sect ion layout o f  Jenny mine, 
A t  t he  Jenny mine, t he  
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Carrier phones Car car 
on  machines 
por t ab l e  r ad ios  were used 
ex t ens ive ly  by the  miners on 
t h e  one d a i l y  product ion 
s h i f t .  The most o f t e n  used 
mode of ope ra t i on  was d i r e c t  
por tab le -  to -por tab le  without  
t h e  r e p e a t e r .  However, t h i s  
was l a r g e l y  because the  
r e p e a t e r  and in t e r connec t  
t o  t h e  machine-mounted 
c a r r i e r  phones were made 
o p e r a t i o n a l  only l a t e  i n  the  
program. The wa lk i e - t a lk i e  
po r t ab l e s  by themselves were 
usab le  over an  a r ea  
encompassing more t han  h a l f  
of t he  working s e c t i o n .  
Wired links ----- Radio links With t h e  r e p e a t e r ,  s ec t i on -  
wide r a d i o  coverage was 
FIGURE 7, - Diagram o f  sec t ion  communicat ions a t  poss ib l e .  The c a r r i e r  
Jenny mine, phones were i n s t a l l e d  mainly 
t o  demonstrate a n  a l t e r n a -  
t i v e  communication method f o r  t he  machine ope ra to r s .  A t  t h e  te rmina t ion  of 
t h e  p r o j e c t ,  the  po r t ab l e  u n i t s  showed much evidence of in-mine u s e ,  but  they 
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Peabody No. 10 Mine 
I n s t a l l a t i o n  
A t  t h e  Peabody No. 10 
mine, one continuous room- 
a n d - p i l l a r  s e c t i o n  was 
devoted t o  the  ISMS demon- 
s t r a t i o n  program. This 
s e c t i o n  remained i n  opera- 
t i o n  f o r  about 1 yea r .  The 
s e c t i o n  r a d i o  communication 
system was very  s i m i l a r  t o  
t h a t  a t  t h e  Jenny mine, 
inc lud ing  the  machine 
c a r r i e r  phones and a  su r f ace -  
t o - s e c t i o n  i n t e r f a c e  a t  a  
communication s l e d .  A 
l ayout  diagram of  the  
working s e c t i o n  i s  shown i n  
f i g u r e  8 ,  and a  block 
diagram of the  communication 
FIGURE 8, - Section layout of Peabody NO, 10 mine, system i s  shown i n  f i g u r e  9 .  
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Peabody No. 10 mine, 
FIGURE 9. - Diagram of sect ion communications at 
Conditions a t  Peabody 
No. 10 were much more favor-  
a b l e  f o r  r a d i o  communication 
than  a t  the  Jenny mine, 
mainly because t he  seam 
he igh t  was 6 t o  7 f e e t .  
D i r ec t  por tab  le - to-por tab le  
communication was gene ra l l y  
good over an  a r e a  encom- 
pass ing  up t o  t h r ee -qua r t e r s  
of the  working s e c t i o n ,  
a l though some dead zones 
were encountered where sev- 
e r a l  corners  had t o  be t r a -  
versed .  When the  f ace  was 
a t  maximum advance from the  
power c e n t e r ,  the  r e p e a t e r  
l oca t ed  i n  t he  communication 
s l e d  near  t he  power c e n t e r  
was ou t  of reach of some 
po r t ab l e  r a d i o s .  This 
could have been r e c t i f i e d  by 
extending the  r e p e a t e r  
antenna i n  toward t h e  f ace  
a r e a  by means of  a  c o a x i a l  
c ab l e .  
The foreman, mechanic, v e n t i l a t i o n  man, and the  opera tor  of a  s t a t i o n a r y  
d r i v e  s to rage  u n i t  a l l  used wa lk i e - t a lk i e  po r t ab l e s  . The po r t ab l e  r a d i o s ,  
which were i d e n t i c a l  t o  those used a t  Jenny,were used d a i l y  dur ing  the  daytime 
working s h i f t .  When re turned  t o  t h e  Bureau of Mines a t  the  conclusion of 
t he  ISMS demonstrat ion,  one out of four  r ad ios  was found t o  be i n o p e r a t i v e ,  
r e q u i r i n g  r e p a i r .  
Although of f a i r l y  modern des ign ,  t he  HT 220-type r ad ios  used a t  t h e  
Jenny and Peabody No. 10 mines have been superseded by a  more compact, l i g h t e r  
weight u n i t ,  t h e  Motorola MX 300 s e r i e s ,  which a l s o  has MESA approval .  
Because of t h e i r  smal le r  s i z e  and improved c i r c u i t  des ign ,  t he  MX s e r i e s  
rad ios  a r e  now recommended over the HT type f o r  most underground mine 
a p p l i c a t i o n s .  
UHF RADIO FOR FULL-DIMENSION HAULAGE SYSTEMS 
The Bureau of Mines en t e red  i n t o  a  coopera t ive  agreement wi th  C l inch f i e ld  
Coal Co. i n  1976 f o r  t he  development of a  communication system f o r  use on 
mine s e c t i o n s  wi th  ful l -dimension haulage equipment .3 I n  a  mine s e c t i o n  of 
t h a t  t ype ,  a n  a r t i c u l a t e d  mobile conveyor system extends t o  the  continuous 
miner f o r  removal of produced c o a l  t o  an  outby haulage conveyor. S h u t t l e  
c a r s  a r e  not  used. The Bureau of  Mines has developed a  u se fu l  UHF r ad io  
system f o r  t h i s  a p p l i c a t i o n ,  and it i s  i n  ope ra t ion  a t  c l i n c h f i e l d ' s  Splashdam 
mine near  Haysi ,  Va. 
The ful l -dimension haulage u n i t  a t  Splashdam mine c o n s i s t s  of th ree  
mobile br idge  conveyors connected a s  one u n i t  by two mobile br idge  c a r r i e r s .  
The u n i t  empties c o a l  onto a n  extendable Long ~ o h n ~  b e l t .  The br idge  c a r r i e r s  
each r e q u i r e  one ope ra to r  a s  does the  continuous miner.  The continuous miner 
i s  operated a t  a  l o c a t i o n  s e v e r a l  f e e t  from t h e  machine by means of a  wired 
remote c o n t r o l  box. A layout  diagram of the working s e c t i o n  is  shown i n  
f i g u r e  10 which a l s o  shows the  r a d i o  system. The seam he ight  ranges from 
about  30 t o  48 inches .  
System Object ives  and Equipment f o r  Splashdam Mine 
E a r l y  i n  t h e  program, Bureau personnel  and o f f i c i a l s  of both the  
Splashdam mine and C l inch f i e ld  Coal Co. e s t a b l i s h e d  the  fol lowing ob jec t ives  
f o r  the  system: 
1. Primary need.--The opera tors  of t h ree  machines ( t he  continuous miner 
and two mobile br idge  c a r r i e r s )  should be ab le  t o  communicate w i th  each o t h e r .  
2 .  Secondary need.--Two roving miners ( the  foreman and repairman) should 
be a b l e  t o  communicate w i t h  t h e  t h r e e  machine ope ra to r s  and wi th  each o the r .  
These o b j e c t i v e s ,  t oge the r  wi th  the  r e s u l t s  of range t e s t s  using UHF po r t ab l e  
r ad ios  on t h e  working s e c t i o n ,  l ed  t o  a  r a d i o  system conf igu ra t ion  t h a t  has a  
3 ~ l s o  known a s  continuous conveyor systems. - 
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FIGURE 10. - Section layout of Splashdam mine showing UHF radio system. 
r ad io  repeater  mounted on the  No. 1 bridge c a r r i e r  a s  depicted i n  f igure  10. 
Although not c r u c i a l ,  it was a l s o  decided t o  include a length of cable 
terminated a t  each end by an antenna, and extending from the  power cen te r  
inby toward the  face area  p a r a l l e l i n g  the  Long John b e l t ,  t o  improve coverage 
along the  cen te r  heading of the  sec t ion .  A p ic tu re  of the cable with the  
antenna connected a t  each end i s  shown i n  f igure  11. 
The decis ion  t o  mount the  r ad io  repea te r  on the  No. 1 bridge c a r r i e r  
presented a problem, s ince  pe rmiss ib i l i ty  i s  required of any e l e c t r i c a l  
equipment i n s t a l l e d  t h e r e ,  and no approved repeater  hardware was ava i l ab le  
a t  t h a t  time. To overcome t h i s  problem, the  Bureau of Mines repackaged an 
e x i s t i n g  portable r ad io  repeater  i n t o  a c e r t i f i e d  explosion-proof enclosure 
and obtained a permit from MESA t o  i n s t a l l  i t  on the  machine. Figure 12 
shows an in-mine p ic tu re  of the repeater  main enclosure i n s t a l l e d  on t h e  No. 1 
bridge c a r r i e r .  The repeater  obtains 120-vac operat ing power from the 
machine, but  a l s o  has a standby nickel-cadmium s torage  b a t t e r y  located ins ide  
the  main enclosure.  
Several  con t ro l  adjustments a r e  access ib le  on a separa te  repeater  con t ro l  
box located on the opera tor ' s  s i d e  of the machine. This con t ro l  box a l s o  has 
FIGURE 11. - RadiaxR radiat ing leaky feeder cable w i th  antenna. 
provis ions  f o r  plugging i n  a  speaker and microphone, which al lows the  machine 
opera tor  t o  use the  r e p e a t e r  a s  a  f i x e d  r a d i o  f o r  communicating wi th  o the r  
crew members. This precludes h i s  need t o  c a r r y  a  s epa ra t e  po r t ab l e  r a d i o .  
Figure 13 shows a  miner a t  the  con t ro l s  of t he  No. 1 br idge  c a r r i e r ,  and 
speaking i n t o  the r e p e a t e r  microphone. 
The po r t ab l e  r ad ios  used on t h i s  system a r e  2-watt Motorola HT 220 
u n i t s  wi th  two t r ansmi t  f requencies  (464.7 and 469.7 megahertz) manually 
s e l e c t a b l e  by the u s e r .  One frequency i s  used f o r  d i r e c t  communication 
between po r t ab l e  u n i t s ,  and the  o t h e r  i s  used f o r  communicating v i a  the  
r epea t e r .  A MESA-approved, ba t te ry-opera ted  r a d i o  r epea t e r  no t  r equ i r ing  a n  
explosion-proof enc losure  i s  now commercially a v a i l a b l e  from Motorola f o r  
s e c t i o n  r a d i o  a p p l i c a t i o n s .  
FIGURE 12. - Repeater and antenna instal lat ion on No. 1 bridge carrier. 
Methods f o r  "Hands-Free" Opera t i o n  
To f a c i l i t a t e  use of the po r t ab l e  r ad ios  by machine opera tors  who 
r e q u i r e  both hands t o  opera te  t h e i r  machines, t h r e e  s p e c i a l  i n t e r f a c e s  were 
developed us ing  commercially a v a i l a b l e  components: 
1. Headset wi th  earmuff-speaker and head-contact microphone: 
Arm-actuated c o n t r o l  
Used a t  continuous miner 
2 .  Hardhat-mounted speaker  and boom microphone: 
Arm-actuated con t r  01 
Used a t  dus t - f r ee  l oca t ion  
FIGURE 13. - Miner speokirig into repeater microplione on No. 1 bridge carrier. 
3 .  Machine-mounted l o u d s p c ~ ~ ~ k e r  and extended microphone: 
Lever-actuated con t ro l  
Equipment of f  opera tor  
Used a t  outby br idge c a r r i e r  
The method f o r  hands-Lree c o n t r o  1 dc?velopecl fo r  the continuous-miner 
opera tor  employs an earmuff-spertkc K .i-.;c.mbly w i t h  a head-contact bone- 
conductance microphone. Figurc 1; s l lo~ss a man wearing the  assembly. The 
microphone, r a t h e r  than protruding i n  f ron t  of the  miner 's  f a c e ,  makes con tac t  
wi th  the  t o p  of the head. The  rniner 5s , t h e r e f o r e ,  ab l e  t o  wear a dus t  
r e s p i r a t o r  over h i s  mouth. Thc s t a n d  11-d p re s s - to - t a lk  con t ro l  suppl ied wi th  
the  equipment u t i l i z e s  a p u s h h ~ ~ ~ t o ~ l  :s i tuated a t  the end of a small  
ex tens ion  cord.  For hands-free c o n t r o l ,  tlle 1311rc,1u has incorporated c e r t a i n  
modi f ica t ions  and subs t i tu tc r i  < I  ~ ! ~ i n i , ~ t i ~ r c ~  leather-encased switch s i t u a t e d  s o  
t h a t  t he  t r a n s m i t t e r  can be kc.vc.tl 1)v .i;nvenlcnt. of the u s e r ' s  upper arm. This 
assembly, which allows 
e i t h e r  s tandard o r  hands- 
f r e e  opera t ion ,  must be 
appropr ia te ly  f i t t e d  t o  the  
miner bef ore use. 
Another hands-free 
accessory,  f o r  use i n  loca- 
t ions  where r e s p i r a t o r s  a r e  
not  requi red ,  i s  shown i n  
f igure  15 . Transmitter 
keying i s  done i n  i d e n t i c a l  
fashion as  i n  the case with 
the  assembly of f igure  14 ,  
wi th  e i t h e r  the  standard o r  
hands-free option ava i l ab le  
t o  the  user .  The headset 
assembly, which cons i s t s  of 
a miniature boom-type 
microphone and e i t h e r  one o r  
two miniature speakers,  
a t t aches  t o  the use r ' s  hard- 
h a t .  The speaker(s)  hangs 
alongside the  use r ' s  e a r  (s  ) . 
The microphone i s  suspended 
from the  l e f t - s i d e  speaker 
and can be adjus ted  f o r  
proximity t o  the use r ' s  
l i p s .  
The t h i r d  method f o r  
hands-free operat ion of a 
por table  r ad io  ( f i g .  16) 
was developed f o r  use a t  
No. 2 bridge c a r r i e r  t o  f r e e  
the  operator  of the burden 
of car ry ing a r ad io  on h i s  
person. An i n t e r f a c e  box, 
i n t o  which a portable r ad io  
FIGURE 14. - Miner wearing accessory headset with ear- can be plugged, has pro- 
muff speaker and head-contact microphone, v i s ions  f o r  a t t ach ing  a 
trolley-phone loudspeaker, 
a microphone, and an 
e x t e r n a l  press- to- ta lk  switch. The press- to- ta lk  switch has a s e n s i t i v e  
6-inch-long lever-ac tuator  t h a t  can be operated by a bump of the  knee o r  o ther  
body p a r t .  A s t rong permanent magnet i s  at tached t o  the base of the  switch 
housing and allows pos i t ioning i n  a locat ion  convenient t o  the operator .  A 
s e c t i o n  of f l e x i b l e  "gooseneck" tubing,  wi th  a hook on one end f o r  hanging the 
microphone, extends from the speaker housing. By t h i s  arrangement, the  micro- 
phone pos i t ion  can be adjusted fo r  convenience. 
FIGURE 15. - Miner wearing hands-free hardhat accessory for dust-free location. 
Another  feat .ure  of t h e  f o r e g o i n g  i n t e r f a c e  was i n c o r p o r a t e d  t o  compensate 
Tor the  wide changes i n  ambient n o i s e  l e v e l .  By means of a  two-pos i t ion  
t o g g l e  s w i t c h  on t h e  s p e a k e r  h o u s i n g ,  e i t h e r  t h e  f u l l  volume o u t p u t  of t h e  
speaker  o r  a reduced and a d j u s t a b l e  volume can be s e l e c t e d  by t h e  o p e r a t o r .  
FIGURE 16. - Interface with loudspeaker/extended microphone for No. 2 bridge carrier. 
When the  s p e c i a l  acces so r i e s  a r e  no t  needed, t h e  r ad ios  can be c a r r i e d  
on t h e  miner 's  b e l t  i n  a l e a t h e r  h o l s t e r ,  which i s  a s tandard  accessory.  An 
extens ion  speaker-microphone wi th  a f l e x i b l e  cord t h a t  plugs i n t o  the r a d i o  
can be used f o r  i n i t i a t i n g  o r  r ece iv ing  a communication. A miner using a 
r a d i o  i n  t h i s  f a sh ion  i s  shown i n  f i g u r e  17. 
The Splashdam mine experience thus  f a r  has y ie lded  some va luable  informa- 
t i o n  regard ing  the  use of po r t ab l e  r a d i o  equipment on a low-coal mine s e c t i o n .  
The Bureau plans t o  cont inue t o  monitor t h i s  program c l o s e l y ,  t o  p a r t i c i p a t e  
a c t i v e l y  i n  i t ,  and make necessary o r  d e s i r a b l e  system improvements a s  w e l l .  
FIGURE 17. - Miner u s i n g  portable radio w i t h  speaker-to-microphone extension accessory. 
UHF RADIO FOR LONGWALLS AND SHOR'IWALLS 
Longwalls 
On longwall s e c t i o n s ,  a communication requirement not  genera l ly  being met 
i s  personal  communication f o r  miners on the f a c e ;  t h a t  i s ,  po r t ab l e  walkie-  
t a lk i e - type  communication. With some excep t ions ,  t r u l y  w i r e l e s s  r a d i o  f o r  
longwalls i s  no t  f e a s i b l e  a t  u l t r a h i g h  f requencies .  However, cable-aided 
UHF r a d i o  i s  f e a s i b l e ,  and i s  p re sen t ly  the  bes t  choice f o r  ob ta in ing  the  
l i n e a r  tunnel  coverage requi red  on a longwall s e c t i o n .  
The environment on a longwall i s  u sua l ly  ha r sh .  Figure 18 ,  which shows 
a shea re r  machine and opera tor  under t h e  p r o t e c t i v e  canopy of roof-support  
chocks, i l l u s t r a t e  t h i s  c l e a r l y .  C e r t a i n  i nd iv idua l s  should be ab le  t o  com- 
municate from any l o c a t i o n  along the  chockway wi thout  t h e  f a t i g u i n g  o rdea l  of 
crawling a d i s t ance  t o  a page phone. A cable-aided UHF r a d i o  system provides 
t h a t  c a p a b i l i t y .  Table 2 summarizes t h e  important po in t s  regarding the  design 
and implementation of a longwall UHF r a d i o  system. 
FIGURE 18. - ll lustration of longwal 1 working environment. 
TABLE 2 .  - Ranges of completely wi re l e s s  communication system 
f o r  lonrwal l s  a t  450 mepahertz 
Truly w i r e l e s s  communications i s  no t  f e a s i b l e  except under some s p e c i a l  
and favorable  condi t ions  such a s  a  sh ie ld- type  roof support  system i n  high 
c o a l  o r  on the s h o r t e r  faced high-coal longwalls .  This i s  due t o  t h e  sub- 
s t a n t i a l  range reduct ion  t h a t  r e s u l t s  from t h e  presence of both the  chock 
roof-support  and conveyor systems and the  c u t t i n g  machine. Therefore ,  t he  
b e s t  choice usua l ly  i s  t o  employ a  r a d i a t i n g  leaky feeder  cab le  extending 
Type of roof 
support  
Chocks ........... 
S h i e l d . . . . .  ...... 
Range wi th  no machine, 
f e e t  
High coa l  
300 
1,000 
Range r educ t ion  caused by 
shearer  machine, f e e t  
Low c o a l  
150 
15 0 
High coa l  
100 
3 00 
Low coa l  
50 
5 0 
along the chockway a r e a .  On s h o r t e r  f a c e s ,  a  r a d i a t i n g  cab le  extending along 
the  l eng th  of the  longwall  and pas s ive ly  terminated a t  each end wi th  a  s u i t -  
a b l e  antenna can  provide face  coverage wi thout  a  r e p e a t e r .  A r a d i o  r e p e a t e r ,  
connected t o  t he  cab l e  a t  one end ,  i s  needed on longer  f a c e s ,  o r  when coverage 
t o  the  head e n t r y  outby the  headgate i s  r equ i r ed .  P r e s e n t l y ,  a  pass ive  system 
us ing  Andrews Corp. Radiax s l o t t e d - t y p e  r a d i a t i n g  cab le  i s  i n  ope ra t i on  on 
a  s h o r t - f a c e  longwall  s e c t i o n  a t  C l i n c h f i e l d  Coal Co. ' s  Moss No. 2  mine near  
Dante , V a .  
A repea te r -based  con f igu ra t i on  f o r  a  longwall  UHF r a d i o  system i s  shown 
i n  f i g u r e  19.  I n  t h i s  system, good r a d i o  coverage can be expected along t h e  
face  a r e a  and i n t o  t he  head e n t r y  f o r  s e v e r a l  hundred f e e t .  I f  t he  r e p e a t e r  
should f a i l ,  d i r e c t  communication between po r t ab l e  rad ios  i s  s t i l l  pos s ib l e  
a t  reduced range. This system can be implemented us ing  commercially a v a i l a b l e  
ba t t e ry -ope ra t ed  hardware t h a t  i s  a l s o  MESA-approved ( f i g .  20) .  The tone 
remote adapter  ( f i g .  19) provides a  su r f ace - to - sec t ion  l i n k ,  and w i l l  be 
a v a i l a b l e  i n  t he  near  f u t u r e .  The Bureau of Mines has performed a  number of 
experiments wi th  r a d i a t i n g  cab le  on a  number of longwall  s e c t i o n s ,  and has 
a l s o  e s t a b l i s h e d  t h a t  inexpensive RG-8 f l e x i b l e  c o a x i a l  cab le  can be used i n  
place of the  more expensive,  r i g i d  Radiax r a d i a t i n g  cab l e  f o r  repea te r -based ,  
cab le -a ided  UHF r a d i o  i n s  t a l l a t i o n s  on longwalls . Howeber , t h e r e  has no t  y e t  
been enough in-mine experience t o  determine whether t he  RG-8 cab le  i s  
s u f f i c i e n t l y  rugged f o r  t h i s  kind of a p p l i c a t i o n .  
Shortwal ls  
A s h o r t w a l l  s e c t i o n  has c h a r a c t e r i s t i c s  of both a  longwall  and a  f u l l -  
dimension s e c t i o n .  Roof-support equipment,  f o r  example, i s  s i m i l a r  t o  t h a t  
used on longwalls .  On the  o the r  hand, the c o a l  i s  mined by a  continuous miner 
which,  i n  some cases  , feeds onto a n  a r t i c u l a t e d  mobile conveyor system s i m i l a r  
t o  t h e  equipment used on fu l l -d imens ion  s e c t i o n s .  The congested s i t u a t i o n  
i n  the  a r ea s  between t h e  chocks and c o a l  face  p re sen t s  an unfavorable  condi- 
t i o n  f o r  radio-wave propaga t ion ,  bu t  t he  d i s t ance  along the  f ace  i s  t y p i c a l l y  
only about 150 f e e t .  
For a  r a d i o  system t o  be e f f e c t i v e  on a  s h o r t w a l l ,  c o m u n i c a t i o n  should 
be pos s ib l e  i n  t he  face  a r e a ,  a long the  chockway, and f o r  s e v e r a l  hundred 
f e e t  i n t o  t he  head e n t r y .  Many r a d i o  system conf igu ra t i ons  a r e  p o s s i b l e ,  bu t  
a  l o g i c a l  choice would be t o  place a  r e p e a t e r  a t  t he  end of t h e  chockway by 
the head e n t r y .  The r e p e a t e r  should opera te  i n t o  two remotely loca ted  
an t ennas ,  one f o r  coverage i n  t he  face  and chockway a r e a s ,  and the  o the r  f o r  
coverage i n  t he  head e n t r y  a r e a .  
A more d e t a i l e d  coverage of longwall  mining communications i s  presented 
i n  t he  paper on Longwall Mining Communications. 
300 to 600 f t typical t 
To surface 












RX4-1 leaky -feeder cable 
Tailgate 
Walkie-talkie d Headgate 
Gob 
FIGURE 19. - A repeater-based UHF radio system layout for longwalls. 
FIGURE 20. - A MESA-approved UHF Motorola repeater and battery unit, with "hardhat" 
antenna and HT 220 walkie-talkies. 
UHF RADIO I N  METAL AND NONMETAL MINES 
UHF r a d i o  i s  f i nd ing  a p p l i c a t i o n  i n  metal  and nonmetal mines i n  both the  
United S t a t e s  and Canada. Most common a r e  minewide systems having r epea t e r s  
ope ra t ing  i n t o  expanses of r a d i a t i n g  cab le .  Communication r e s t r i c t e d  t o  
w i t h i n  a  working p lace  i s  u sua l ly  achievable without a  r epea t e r  o r  cab le .  One 
example of an e f f e c t i v e  UHF r a d i o  system i n  a  metal  mine i s  t h a t  i n s t a l l e d  i n  
the  Grace mine near Morgantown, Pa. The system the re  provides r a d i o  comrnu- 
n i c a t i o n  throughout t he  mine by means of r epea t e r s  connected t o  Radiax leaky 
feeder  cable .  The system al lows the  s t a t u s  of c e r t a i n  i s o l a t e d  workers,  such 
a s  fan-hole d r i l l  o p e r a t o r s ,  t o  be checked p e r i o d i c a l l y  by a  c e n t r a l  
d i s p a t c h e r ,  thereby al lowing t h e  use of single-man, fan-hole d r i l l  teams. A 
fan-hole d r i l l  opera tor  wi th  a  po r t ab l e  r a d i o  and wearing a  noise-reducing 
earmuff i s  shown a t  t he  Grace mine i n  f i gu re  21. 
The s u b j e c t  of metal-nonmetal mine communication i s  covered more 
thoroughly i n  t he  paper on Leaky Feeder UHF Radio Systems i n  the  t h i r d  p a r t  
of t h i s  seminar s e r i e s  (Haulage Systems, I C  8744). 
FIGURE 21. - Fan-hole d r i l l  operator wearing portable radio and spec ia l  accessories in 
metal mine. 
INTERCONNECTS TO M I N E  PHONE SYSTEMS 
An in terconnect  between a s e c t i o n  r ad io  system and a minewide phone 
system i s  an extremely use fu l  concept.  For example, t h e  a b i l i t y  t o  reach key 
s e c t i o n  personnel  from the sur face  i s  f a c i l i t a t e d  i f  t he  ind iv idua l  can be 
paged by r a d i o .  Because s e c t i o n  page phones a r e  o f t e n  inaudib le  due t o  high 
ambient n o i s e ,  i t  can take  up t o  a  ha l f  hour,  or  more, t o  contac t  a  paged 
ind iv idua l  from the  su r face .  Conversely, t h e  a b i l i t y  t o  i n i t i a t e  a  c a l l  t o  
t h e  su r face  o r  a t  l e a s t ,  answer a  page wi th  one's radio,  would e l iminate  t h e  
d i s t r a c t i v e  necess i ty  of walking (or crawling)  t o  the  s e c t i o n  phone. 
An interconnected comunica t ion  system can a l s o  introduce a  f a c t o r  of 
s a f e t y .  I n  time of emergency, f o r  example, quick communication means f a s t e r  
evacuat ion o r  f i r s t  a i d .  Another example i s  t h e  a b i l i t y  t o  maintain contac t  
wi th  c e r t a i n  i s o l a t e d  workers who, f o r  p r a c t i c a l  reasons ,  cannot have a  
phone near  them. 
An important cons idera t ion  when planning t o  in terconnect  s e c t i o n  r ad io  
systems and minewide comunica t ion  i s  t h a t  t he  in terconnect ion  should be made 
t o  func t ion  on a  s e l e c t i v e  b a s i s .  The two systems should be i s o l a t e d ,  except 
when a c t u a l  communication t o  or  from the  s e c t i o n  i s  des i r ed .  Otherwise, 
i n t o l e r a b l e  i n t e r f e r e n c e  may r e s u l t .  
Some in terconnect ing  hardware t h a t  incorpora tes  the des i r ab le  f ea tu res  
mentioned has been developed ( t a b l e  3 ) .  Some of t h i s  equipment was b u i l t  f o r  
experimental use and i s  not  so ld  commercially. Other equipment, being of 
r ecen t  development, has not  y e t  been re leased  f o r  commercial s a l e ,  but  w i l l  
be a v a i l a b l e  i n  the  near  f u t u r e .  
TABLE 3. - Interconnect ing hardware 
For mines t h a t  have a  Co l l in s  MCM telephone system, an in terconnect  w i l l  
soon be a v a i l a b l e ,  a l lowing s e l e c t i v e  i n t e r f a c i n g  between s e c t i o n  rad ios  and 
t h e  wired phone system. Figure 22 shows a diagram of a  s e c t i o n  r a d i o  system 
interconnected with a  minewide MCM communication system by means of a  Co l l in s  
in te rconnect .  Ca l l ing  t h e  s e c t i o n  r ad ios  from an  o f f - sec t ion  phone i s  
accomplished by d i a l i n g  an  assigned number. I n i t i a t i n g  c a l l s  from a s e c t i o n  
po r t ab le  r a d i o  can be accomplished i n  e i t h e r  of two ways: by t r ansmi t t ing  
c a r r i e r  b u r s t s  from a r ad io  th ree  times i n  quick success ion ,  o r  by t ransmit-  
t i n g  a  switched-on tone from a r a d i o  having t h a t  c a p a b i l i t y .  
Type 
MCM (telephone t o  
r a d i o ) .  
Tone remote-control 
adapter .  
T ro l l ey  phonelradio 
coupler .  
C a r r i e r  phone/~HF 
repea te r  i n t e r f a c e  
In terconnects  from s e c t i o n  
r ad io  system to-- 
MCM telephone system.. .... 
Dedicated phone l i n e . .  .... 
Trolley-phone system ...... 
Face machine c a r r i e r  
phones. 
Manufacturer 
Col l ins  Radio.. .  
Motorola. . . .  .... 
Col l in s  Radio... 
FMC/~ai t ronics /  
Motorola. 




Specia l  




I Incoming c a l l  
1 section I Dial  specia l  extension numbers phone to be  connected to  section rad  ios 
L Three brief bursts of carrier 
o r  
A swi tched-on tone al lows 
connec t ion  to  d i s p a t c h e r  
Dispatcher can t rans fe r  c a l l  
to any other  mine telephone 
FIGURE 22. - lnterconnect between sect ion radio and MCM telephone system. 
FIGURE 23. - lnterconnect between surface stat ion and 
sect ion radio. 
M IC MESA a p p r o v a l  i s  
pending on a  t o n e  remote- 
remote 'peeker c o n t r o l  i n t e r f a c e  made by 
Motorola  t h a t  a l l o w s  opera- 
I n  t h i s  sys tem,  which 
r e q u i r e s  a  d e d i c a t e d  ( s i n g l e -  
purpose )  phone l i n e ,  s e c t i o n  
r a d i o  communication c a n  be  
t i o n  of  a  s e c t i o n  r a d i o  
Monitors communications r e p e a t e r  from a  remote loca -  
Transmits remotely t i o n  such  a s  a  mine o f f i c e .  
Walkie-talkie 
c o n t i n u o u s l y  moni tored over  t h e  remote s p e a k e r .  I f  someone wants  t o  c a l l  i n t o  
Sect ion 
, 
t h e  s e c t i o n  from t h e  s u r f a c e ,  t h e  r e p e a t e r  t r a n s m i t t e r  c a n  be keyed remote ly  
radio 
from t h e  s u r f a c e  s t a t i o n ,  and messages spoken i n t o  t h e  remote microphone w i l l  
J Interface1 
be h e a r d  on t h e  s e c t i o n  r a d i o s .  The sys tem i s  expandable  u s i n g  t h e  s i n g l e  
d e d i c a t e d  phone l i n e .  
F i g u r e  23 i s  a  b l o c k  diagram , 
LICENSE S  AND APPROVALS 
F e d e r a l  law r e q u i r e s  a  l i c e n s e  t o  o p e r a t e  r a d i o  equipment of  t h e  type 
r e p o r t e d  h e r e i n .  It  i s  i s s u e d  f o r  a  p e r i o d o f 5  y e a r s b y t h e  F e d e r a l  Comrnunica- 
t i o n s  Cormnission (FCC). The u l t r a h i g h - f r e q u e n c y  s p e c t r u m i s  r e l a t i v e l y  uncrowded, 
and f requency  a l l o c a t i o n  i s  no problem, e x c e p t  p o s s i b l y  i n  h e a v i l y  popu la ted  
repeater 
s e c t i o n  r a d i o  i n t e r c o n n e c t .  
isolator Dedicated phone l ine  showing a  s u r f a c e  s t a t i o n - t o -  
urban a r e a s .  Neve r the l e s s ,  one can expec t  t h a t  i t  may take up t o  9 months 
t o  o b t a i n  a l i c e n s e  from FCC. Radio equipment s u p p l i e r s  a s s i s t  t h e i r  
customers i n  f i l i n g  t h e  necessary  forms, and they can a l s o  f u r n i s h  important  
i n fo rma t ion  regard ing  t h i s  m a t t e r .  
Po r t ab l e  two-way r a d i o  equipment,  bear ing  MESA approval  f o r  use i n  mines , 
i s  a v a i l a b l e  from s e v e r a l  manufacturers  a s  l i s t e d  i n  t a b l e  4 .  Competent 
r e p a i r  f a c i l i t i e s ,  bo th  f a c t o r y  au tho r i zed  and independent ,  a r e  l oca t ed  i n  
l a r g e r  towns. Most mines i n  t h e  United S t a t e s  a r e  l oca t ed  w i t h i n  a t  l e a s t  
50 mi l e s  of such f a c i l i t i e s .  
TABLE 4 .  - Manufacturers of MESA-approved po r t ab l e  two-way r a d i o s  
Manufacturer I Frequency I Type of I Por tab le  r e p e a t e r  
Motorola Communications and 
E l e c t r o n i c s  
F t .  Lauderda le ,  F l a .  
H a r r i s  RF Communications 
Roches t e r ,  N . Y o  




The S t a t e  of Pennsylvania ,  Department of Environmental  Resources ,  Of f i ce  
of Deep Mine S a f e t y ,  r e q u i r e s  s p e c i a l  approval  on e l e c t r i c a l  equipment used 
i n  Pennsylvania mines.  For t h i s  r e a s o n ,  mine ope ra to r s  i n  Pennsylvania should 
de te rmine ,  be fo re  purchas ing ,  t h a t  any r a d i o  equipment de s t i ned  f o r  use 
underground i s  approved bo th  by MESA and t h e  S t a t e .  
Standard Communications 
Wilmington, C a l i f .  
DISCUSSION AND RECOMMENDATIONS 
b a t  t e ry l  
R J  N 
I n i t i a l  r e s i s t a n c e  t o  t h e  use of r ad io s  by s e c t i o n  workers can  be 
expec ted .  A g radua l  phasing-in  per iod  i s  suggested.  When f u l l  implementation 
i s  i n  e f f e c t ,  u s ing  t h e  r a d i o s  w i l l  be second na tu re  t o  them. 
hardware a v a i l a b l e  
Yes 
lR--Rechargeable ; N-~Nonrechargeab l e  . 
2MESA-approved v e r s i o n .  
VHF, UHF 
When communicating w i t h  a machine o p e r a t o r ,  it i s  u s u a l l y  p r e f e r ab l e  
t o  keep t h e  r a d i o  gear  o f f  t he  man when p o s s i b l e .  This  c o n s t r a i n t  spur red  
t he  development of t h e  s p e c i a l  i n t e r f a c e  and t h e  r e p e a t e r  c o n t r o l  box f o r  t he  
b r idge  c a r r i e r s  a t  Splashdam mine. 
It i s  d i f f i c u l t  t o  equ ip  a continuous-miner ope ra to r .  He no t  on ly  works 
i n  a dus ty  environment and has  t o  wear a r e s p i r a t o r ,  b u t  he a l s o  r e q u i r e s  both 
hands t o  opera te  h i s  machine. The s p e c i a l  accessory  developed f o r  the  
continuous-miner ope ra to r  a t  Splashdam mine i s  s a t i s f a c t o r y  f o r  t h i s  
R ,  N Yes 
a p p l i c a t i o n ,  bu t  o t h e r  avenues a r e  be ing  explored  w i th  t he  e x p e c t a t i o n  t h a t  
an  improved accessory  w i l l  soon be developed. 
Hardhat and headse t  a c c e s s o r i e s  a r e  g e n e r a l l y  not comfortable  f o r  a 
miner t o  wear. However, when a miner i s  r equ i r ed  t o  communicate i n  a no isy  
environment ,  t he se  a c c e s s o r i e s  a r e  the  only cho i ce ,  un l e s s  a machine-mounted 
loud speaker  i n t e r f a c e  can  be provided.  
Although t h e  HT 220-type r a d i o s  used a t  some of t he  r epo r t ed  i n s t a l l a -  
t i o n s  a r e  f a i r l y  rugged and appear  t o  r e q u i r e  minimal maintenance,  newer, 
MESA-approved p o r t a b l e  r a d i o s  ( t he  MX 300 t y p e ) ,  which a r e  sma l l e r  and l i g h t e r ,  
a r e  now a v a i l a b l e  and recommended over  t h e  HT type .  
I f  a r a d i o  system i s  i n s t a l l e d  a t  a mine,  i t  i s  imperat ive t h a t  a 
r e spons ib l e  i n d i v i d u a l  be des igna ted  t o  t ake  c a r e  of t he  r a d i o s .  His 
r e s p o n s i b i l i t i e s  should inc lude  simple maintenance chores  such a s  c l ean ing  
and b a s i c  t e s t i n g  t o  determine o p e r a t i o n a l  s t a t u s  of i n d i v i d u a l  u n i t s .  He 
would i s s u e  t h e  r a d i o s  on a checkout b a s i s  and s e e  t h a t  they  a r e  r e t u r n e d .  
He would a l s o  send r ad io s  t o  au tho r i zed  shops when necessary  f o r  r e p a i r  o r  
p e r i o d i c  performance t e s t s .  
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TRAPPED-MINER LOCATION AND COMMUNICATION SYSTEMS 
by 
H. Kenneth sacks1 
ABSTRACT 
The h i s t o r y  of coa l  mine d i s a s t e r s  has  e s t a b l i s h e d  a need f o r  a s imple ,  
r e l i a b l e  system f o r  l o c a t i n g  and communicating wi th  miners t rapped underground. 
Such a system w i l l  no t  only i nc rease  t h e  chances of success  r e scue ,  bu t  w i l l  
a l s o  reduce t he  r i s k s  t o  the rescue team. The Bureau has developed such a 
system by us ing  s e v e r a l  p r i n c i p l e s  of e lec t romagnet ic  t h e o r y  The Bureau i s  
p r e sen t ly  t e s t i n g  the  system f o r  performance ( t ransmiss ion  c a p a b i l i t y  through 
a v a r i e t y  of overburdens) and r e l i a b i l i t y  (ruggedness of use i n  mine 
environments) .  
INTRODUCTION 
The most f ea red  occurrence i n  underground c o a l  mining i s  an  explos ion  
of gas o r  c o a l  d u s t .  I n  t h e  per iod 1911-69, about 6,000 miners have been 
k i l l e d  i n  290 major d i s a s t e r s  involving explos ions .  The immediate concern 
a f t e r  each such i n c i d e n t  i s  whether t he re  a r e  su rv ivo r s  and ,  i f  s o ,  how they 
can be rescued .  To t h i s  end ,  bo th  mining companies and Government agencies  
have encouraged and f inanced the  development of rescue  teams and equipment. 
S p e c i f i c a l l y ,  a s  a r e s u l t  of a s tudy performed by the  Nat ional  Academy of 
Engineers ,  t h e  Bureau of Mines has been developing systems f o r  l o c a t i n g  and 
communicating wi th  workers t rapped underground. Such systems w i l l  c o n t r i b u t e  
t o  t h e  o v e r a l l  s a f e t y  of t h e  underground coa l  miner.  
The Need To Locate 
The problems f ac ing  rescue  teams have been w e l l  documented i n  a number 
of h i s t o r i c a l  surveys of mine d i s a s t e r s .  Searching a mine a f t e r  a f i r e  o r  
explos ion  i s  a slow and o f t e n  dangerous job. The 13-man rescue  pa r ty  k i l l e d  
fol lowing the  S c o t i a  mine d i s a s t e r  i s  an  example. Besides t h e  i nhe ren t  
dangers involved ,  t h e  rescue  team must f i r s t  decide where t o  begin i t s  search .  
The a r e a  t o  be searched may be l a r g e .  A f t e r  an  exp los ion ,  miners who manage 
t o  escape can d i r e c t  rescue  teams t o  those  p a r t s  of t he  mine where o the r s  may 
remain t rapped .  The na tu re  of the  mine workings and t h e  circumstances of the 
explos ion  can  a l s o  be used i n  l o c a t i n g  s u r v i v o r s ,  bu t  a l l  of t he se  techniques 
a r e  based on guess work. Accurate knowledge of t h e  l o c a t i o n  of t rapped men 
cannot only i nc rease  t h e i r  chances f o r  s u r v i v a l ,  bu t  can reduce the hazards  
t o  t he  rescue team t h a t  might conduct an  unnecessary,  f u t i l e  s ea rch  i n  
dangerous a r e a s .  
l s u p e r v i s o r y  e l e c t r i c a l  eng inee r ,  I n d u s t r i a l  Hazards and Communications, 
P i t t sbu rgh  Mining and Sa fe ty  Research Cen te r ,  Bureau of Mines, P i t t s b u r g h ,  
Pa. 
FIGURE 1, - Par t  of Be lva  mine showing area t o  which miners retreated and erected 
imperfect barricade, 

The e lec t romagnet ic  system r e l i e s  on a  smal l  t r a n s m i t t e r  ( f i g .  2 )  t h a t  
can be c a r r i e d  by t h e  miner ,  and su r f ace  r e c e i v e r s  ( f i g .  3 )  t h a t  " l i s t e n "  
f o r  the  s i g n a l s  broadcast  through-the-ear th o r  through-the-mine workings by 
the  miner 's  t r a n s m i t t e r .  Basic development i s  completed, and prototype hard- 
ware i s  i n  t h e  t e s t i n g  phase. 
The EM system o f f e r s  numerous advantages over t he  seismic equipment. For 
example, 
1. The EM t r a n s m i t t e r  opera tes  cont inuously once deployed and w i l l  
f unc t ion  f o r  a t  l e a s t  24 hours from one caplamp b a t t e r y .  Besides opera t ing  
cont inuous ly ,  i t s  e l e c t r i c a l  s i g n a l  i s  a  known rhythmic "beep ,I1 which i s  
much e a s i e r  t o  d e t e c t  than  the  random thumps of a  miner pounding on the  r i b s  
o r  roo f .  
2 .  The d e t e c t i o n  r ece ive r ,wh ich  can be r e a d i l y  c a r r i e d  by one miner 
( f i g .  4)  and can be used t o  cover a  reasonably l a rge  a r e a .  It can a l s o  be used 
by underground rescue  teams s ince  i t  i s  permiss ib le .  A ve r s ion  of t h e  su r f ace  
r ece ive r  has been adapted 
f o r  use i n  h e l i c o p t e r s  
( f i g .  5 ) .  With t h i s  u n i t ,  
l a rge  a reas  can be scanned 
quick ly .  Once a  s i g n a l  i s  
d e t e c t e d ,  miner-carr ied 
u n i t s  can ob ta in  an  exac t  
f i x .  
The su r f ace  gear  of t he  
seismic system, on the  o the r  
hand, i s  complex and s t a -  
t i ona ry .  I t s  deployment 
s i t e  must be c a r e f u l l y  
s e l e c t e d .  I f  i t  i s  not  
w i th in  2,000 f e e t  of t he  
s i g n a l  source ,  i t  probably 
w i l l  n o t  work. I n  a  l a rge  
mine, t h i s  l i m i t a t i o n  i s  
a  s e r ious  handicap. I n  
mountainous t e r r a i n ,  s e t t i n g  
up t h e  seismic geophones can 
present  d i f f i c u l t  problems 
a s  w e l l .  
3 .  A prototype model 
of the  o r i g i n a l  underground 
miner-carr ied t r a n s m i t t e r  
has been converted t o  
r ece ive  voice messages from 
the  su r f ace  ( f i g .  6 ) .  This 
FIGURE 4. - Portable ULF EM receiver and loop antenna c a p a b i l i t v  i s  not  a v a i l a b l e  
i n  use at a simulated mine disaster. with  t h e  seismic system. 
FIGURE 5. - ULF EM receiver and antenna for use by hel icopter to  scan large area rapidly. 
Operation of Underground EM Equipment 
The trapped-miner t r a n s m i t t e r  ( f i g .  2 )  weighs one-half pound and can 
be worn by a  miner;  a  second v e r s i o n  has been b u i l t  ( f i g .  7 )  t h a t  i s  encased 
wi th  a  caplamp b a t t e r y .  I n  an  emergency, and when i t  i s  decided t h a t  a l l  
r o u t e s  of escape a r e  c l o s e d ,  the t r a n s m i t t e r  u n i t  i s  opened up. It conta ins  
90 f e e t  of 16-gage wi re .  This i s  uncoi led ,  l a i d  out  i n  a s  l a rge  a loop a s  
p o s s i b l e ,  and connected t o  t he  t r a n s m i t t e r .  The t r a n s m i t t e r  i s  then  a t tached  
t o  t he  b a t t e r y  ( f i g .  8 ) .  The t r a n s m i t t e r  and loop antenna produce a  magnetic 
f i e l d  ( f i g .  9 )  much l i k e  a  ba r  magnet. The d i r e c t i o n  of these  s i g n a l - f i e l d  
l i n e s  can be used t o  p inpoin t  the  l o c a t i o n  of t he  underground loop antenna. 
By measurements taken on the  s u r f a c e ,  the su r f ace  l o c a t i o n  above t h e  antenna 
can be determined w i t h i n  50 f e e t .  The s i g n a l  i s  a  s h o r t  1,000-hertz tone 
t ransmi t ted  once a  second t o  make it r e a d i l y  d i s t i ngu i shab le  from the  back- 
ground e l e c t r i c a l  no i se .  The u n i t  w i l l  cont inue t o  t ransmi t  f o r  a t  l e a s t  
24 hours .  When ope ra t ing ,  t h e  s i g n a l  can  pene t r a t e  a s  much as  1,000 f e e t  of 
overburden and be de t ec t ed  on the  su r f ace .  
Severa l  prototype t r a n s m i t t e r  u n i t s  being t e s t e d  a l s o  con ta in  a  voice  
r e c e i v e r ,  which allows rescue crew voice t ransmissions t o  be heard ,  and a  
s p e c i a l  bu t ton  f o r  sending a  continuous tone r a t h e r  than a n  i n t e r m i t t e n t  beep. 
I n  t h i s  manner, once con tac t  wi th  the  su r f ace  i s  made, the  miner can r e l a y  
informat ion  t o  the  su r f ace  using a  simple code,  l i k e  one long f o r  NO, and two 
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FIGURE 8. - ULF EM transmitter connected to cap-lamp battery and loop antenna. 
s i g n a l  w i l l  a l low the  su r f ace  crew t o  f i x  t he  t r a n s m i t t e r  l o c a t i o n  a s  
prev ious ly  d i s cus sed .  
Operat ion of Surface EM Equipment 
The su r f ace  equipment c o n s i s t s  of 
1. A h e l i c o p t e r  r e c e i v e r ( f i g s .  3 ,  10) f o r  surveying a l a r g e  a r e a  
r a p i d l y .  
2.  Miner-carr ied r e c e i v e r s  ( f i g .  4) f o r  a c c u r a t e l y  l oca t ing  the  under- 
ground t r a n s m i t t e r  u n i t .  
3 .  Voice t ransmiss ion  equipment ( f i g .  11) f o r  e s t a b l i s h i n g  two-way 
communications w i th  t h e  t rapped miners .  
For a  l a rge  m i n c , a h e l i c o p t e r  w o u l d b e u s e d t o s c a n t h e  l a rge  su r f ace  s ea rch  
a r e a  above the  mine workings.  The he l icopter -based  equipment i s  not  designed 
t o  p inpo in t  the  exac t  l o c a t i o n  of an  underground t r a n s m i t t e r ,  bu t  r a t h e r  t o  
d e t e c t  whether any t rapped 1 
/ / miner EM s i g n a l  i s  p re sen t .  1 
Each underground t r a n s m i t t e r  
i s  designed t o  opera te  on 
one of s eve ra l  f ixed-  
frequency channels t o  pre- 
vent  nearby t r a n s m i t t e r s  
Surface from i n t e r f e r i n g  with one 
another .  Therefore ,  the  
h e l i c o p t e r  r e c e i v e r  has been 
designed t o  l i s t e n  simul- 
- taneously t o  s i x  d i f f e r e n t  
Mine 
"channe 1 s  . I '  Once a  s  igna 1 
i s  d e t e c t e d ,  the p i l o t  can 
r ad io  h i s  approximate 
p o s i t i o n  and i n d i c a t e  the  
channel de tec ted  t o  the  
su r f ace  rescue crew. 
The su r f ace  crew miner- 
c a r r i e d  r ece ive r  uses a  
simple loop antenna 
( f i g  . 4 ) .  Pinpoint ing the  
l o c a t i o n  of the trapped 
miner EM s i g n a l  i s  s i m i l a r  
FIGURE 9. - Magnetic field produced by the ULF EM t o  r a d i o  d i r e c t i o n  f ind ing .  
transmitter. A s  shown, the field lines The received s i g n a l  i s  
resemble those of a simple bar magnet heard a s  a  c h i r p  every 
s o  that directly over the antenna, the 
second,  and i s  a l s o  shown a s  
a  meter reading.  I f  t he  
field is vertical. loop i s  turned t o  give the  
lowest s i g n a l ,  t h e  plane of t he  loop w i l l  po in t  i n  t h e  d i r e c t i o n  of t he  s i g n a l  
source.  By r epea t ing  t h i s  procedure a t  s e v e r a l  pos i t i ons  around t h e  approx- 
imate t r a n s m i t t e r  l o c a t i o n ,  the t r u e  loca t ion  of t he  underground t r a n s m i t t e r  
can be found. Using t h i s  information i n  conjunct ion  wi th  a  mine map, t he  
rescue team can then determine the  b e s t  approach. 
When a  s i g n a l  i s  de t ec t ed  by t h e  su r f ace  crew, the voice t r a n s m i t t e r  can 
be s e t  up. This i s  r e a l l y  a  l a r g e  v e r s i o n  of t h e  underground t r a n s m i t t e r  
c o n s i s t i n g  of a  loop of wire  300 f e e t  i n  diameter and a  powerful audio 
a m p l i f i e r .  This equipment would only be u s e d i f t h e  miners were known t o  have 
u n i t s  conta in ing  voice  r ece ive r s .  
Deta i led  information on the  performance, c o n s t r u c t i o n ,  and theory of 
t h i s  equipment can  be found i n  t h e  b ib l iography.  
FIGURE 10. - Operation of  the hel icopter ULF EM receiver during f ie ld  tr ials. 
FIGURE 11. - Equipment deployed on the surface for t ransmit t ing vo ice through the earth to  
trapped miners, 
EXPERIMENTAL RESULTS 
The Bureau has t e s t e d  t h e  hardware previous ly  descr ibed a t  a number of 
mines having d i f f e r e n t  overburden depths .  I n  a s imulated d i s a s t e r  a t  United 
S t a t e s  s t e e l ' s  Robena mine ( f i g .  12)  near  Waynesburg , Pa., t h r e e  t r a n s m i t t e r s  
were hidden from the  sea rche r s .  Within 4 hour s ,  an  a rea  of s e v e r a l  square 
mi les  was scanned and the  t h r e e  t r a n s m i t t e r s  were loca t ed .  A voice  t r ans -  
mission was a l s o  s u c c e s s f u l l y  rece ived  by t h e  "trapped miners" through the  480 
f e e t  of overburden. 
Other l o c a t i o n  experiments have been succes s fu l ly  c a r r i e d  out  i n  coa l  
mines a s  deep a s  1,500 f e e t ,  and voice  t ransmissions have a l s o  been rece ived  
through 700 f e e t  of overburden. Refinements i n  equipment should improve t h i s  
performance. 
FIGURE 12, - Airborne helicopter ULF EM receiver searching area over Robena No. 1 mine 
for trapped-miner EM signals, 
OUTLOOK FOR THE FUTURE 
The s u c c e s s  of t h e  EM system depends on a number of f a c t o r s ,  i n c l u d i n g  
t h e  l o c a l  e l e c t r i c a l  r e s i s t i v i t y  of t h e  e a r t h ,  overburden d e p t h ,  manmade and 
n a t u r a l  e l e c t r i c a l  n o i s e  a t  t h e  s i t e ,  and t h e  p resence  of m e t a l  c a b l e s  o r  
b u i l d i n g s .  To b e t t e r  unders tand  how t h e s e  f a c t o r s  v a r y  f o r  U.S. c o a l  mines ,  t h e  
Bureau i s  p r e s e n t l y  conduc t ing  a n  E M  su rvey  a t  100 c o a l  mines.  This  su rvey  
w i l l  g i v e  a good p i c t u r e  of t h e  l i k e l y  performance of our p r e s e n t  system 
f o r  t h e  wide v a r i e t y  of  overburdens  found i n  U.S. c o a l f i e l d s .  The hardware 
w i l l  a l s o  be t e s t e d  i n  s e v e r a l  mines over  a long p e r i o d  of t ime t o  s e e  i f  i t  
meets t h e  n e c e s s a r y  requ i rements  of ruggedness and r e l i a b i l i t y .  The outcome 
of  t h e s e  programs w i l l  c l e a r l y  de te rmine  t h e  s t r e n g t h s  and weaknesses of t h e  
p r e s e n t  sys tem and i n d i c a t e  t h e  f u t u r e  c o u r s e  of t h e  trapped-miner program. 
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LONGWALL M I N I N G  COMMUNICATIONS 
Robert A .  ~ r a d b u r n '  and John D .  Foulkes2 
ABSTRACT 
The Bureau of Mines i nves t i ga t ed  the communication needs a s soc i a t ed  with 
longwall  mining. The program had the  fol lowing o b j e c t i v e s :  
1. Survey c u r r e n t l y  a v a i l a b l e  communication equipment. 
2 .  Review p r a c t i c e s  i n  European mines. 
3 .  Determine problem a reas  r e q u i r i n g  f u r t h e r  r e sea rch .  
4 .  Develop guide l i n e s  . 
5 .  Make recommendations f o r  improved equipment des ign .  
C e r t a i n  problem a reas  a s soc i a t ed  wi th  t h e  use of pager phones have been 
i s o l a t e d , a n d  a s e t  of des ign  requirements f o r  improved longwall  pager phones 
has been prepared.  Some European equipment t h a t  f u l f i l l s  these  requirements 
has a l s o  been i d e n t i f i e d .  
Enhancement of a longwall  communication system by the  i n c l u s i o n  of UHF 
wa lk i e - t a lk i e  r ad ios  i s  o u t l i n e d ,  a long wi th  s p e c i a l  techniques necessary t o  
make t h a t  type of r a d i o  usab le  on t h e  longwalls .  Truly w i r e l e s s  r a d i o  f o r  
the  longwall  i s  considered achievable  a t  s p e c i a l  lower f r equenc i e s ,  and 
s u i t a b l e  hardware may be forthcoming. 
The s tudy  r e s u l t e d  i n  t h r e e  c r u c i a l  recommendations p e r t a i n i n g  t o  long- 
w a l l  communications : 
Improve communication i n  advance longer  term automation. 
2 .  Pursue a v a r i e t y  of approaches f o r  improved face  communication. 
3 .  Consider us ing  European equipment. 
' ~ l e c t r i c a l  eng inee r ,  I n d u s t r i a l  Hazards and Communications , Pi t t sbu rgh  Mining 
and S a f e t y  Research Cen te r ,  Bureau of Mines, P i t t s b u r g h ,  Pa. 
2 ~ l e c t r i c a l  eng inee r ,  E l e c t r o n i c  Systems S e c t i o n ,  Ar thur  D .  L i t t l e ,  Inc . , 
Cambridge, Mass. 
INTRODUCTION 
Robinson Run mine near  Shinnston,  W .  Va.,  has  two longwall s ec t ions  among 
s e v e r a l  room-and-pillar working s e c t i o n s .  Late i n  January 1976, 23 employees 
working on one of the  longwall s e c t i o n s  produced 12,395 tons of coa l  over a 
24-hour p e r i o d ,  a world record.  Although longwall machines a r e  common i n  
Europe, t he re  a r e  only about 80 longwall systems i n  ope ra t ion  i n  t he  United 
S t a t e s ,  and they mine l e s s  than 5 percent  of the  l at ion's c o a l  product ion.  
V i r t u a l l y  a l l  of t h e  equipment i s  imported, and i t  r ep resen t s  a minimum cap- 
i t a l  investment of $ 1  t o  $2 m i l l i o n  per  i n s t a l l a t i o n .  I n  a c t u a l i t y ,  longwall 
mining p re sen t ly  plays a sma l l ,  but s p e c i a l i z e d ,  r o l e  i n  the  o v e r a l l  p i c t u r e  
of U.S . underground c o a l  mining. 
I n  s p i t e  of these  somewhat unimpressive s t a t i s t i c s ,  t he  Federal  Bureau 
of Mines and t h e  U.S. mining indus t ry  a r e  paying c lose  a t t e n t i o n  t o  longwall 
mining. The reasons f o r  t h i s  a r e  t h r e e f o l d :  
1. There i s  gene ra l  agreement t h a t ,  because of i t s  p o t e n t i a l  f o r  high 
p roduc t iv i ty  ( c i t e d  p rev ious ly ) ,  t h i s  mining technique w i l l  grow r a p i d l y .  
2 .  U.S. manufacturers a r e  beginning t o  produce t h e i r  own equipment, 
and t h i s  should reduce lead  times c u r r e n t l y  needed t o  acqu i r e  longwall 
machinery and spare  p a r t s  from overseas.  
3 .  Longwall mining i s  becoming inc reas ing ly  automated, and i t  i s  a 
technique t h a t  lends i t s e l f  t o  automation. 
S t a r t i n g  about 2 years  ago ,  the  Bureau of Mines began t o  i n v e s t i g a t e  
the  communication needs and equipment a s soc i a t ed  wi th  longwall mining* The 
program included a s tudy  of voice communication, both i n t r a f a c e  and minewide, 
communication f o r  c o n t r o l  purposes,  and monitoring. The Bureau learned t h a t  
t he  t h r e e  types of communication a r e  c l o s e l y  i n t e r r e l a t e d  i n  longwall mining 
t o  t h e  e x t e n t  t h a t  most European equipment i n t e g r a t e s  a l l  of them i n t o  a 
s i n g l e  system. For example, i f  monitoring equipment d e t e c t s  a machine f a u l t ,  
the  machine s tops  automatica l l y  . 
The Bureau program had the  fol lowing f i v e  ob jec t ives :  
1. Survey communication needs and t h e  equipment c u r r e n t l y  a v a i l a b l e  t o  
meet them. 
2.  Review European p r a c t i c e s  , exper ience ,  and equipment, s ince  longwall 
mining i s  t he  dominant form of underground c o a l  mining i n  Europe. 
3 .  Determine the  problem a r e a s ,  i f  any ,  t h a t  would r e q u i r e  f u r t h e r  
r e sea rch  and development. 
4 .  Develop gu ide l ines  f o r  des ign ,  i n s t a l l a t i o n ,  and maintenance of 
longwall communication s stems. 
5 .  Make recommendations i n  r ega rd  t o  new equipment de s ign  and advanced 
r e s e a r c h  and development.  
Communication i s  a  key and i n t e g r a l  f a c t o r  of any mining p roce s s .  It  i s  
s o  v i t a l ,  i n  f a c t ,  t h a t  i t  i s  c l e a r  t h a t  equipment manufacturers  should 
i nc lude  communication a s  an  i n t e g r a l  p a r t  of the  o v e r a l l  longwal l  system 
des ign .  This paper  w i l l  c oncen t r a t e  on t h e  vo i ce  communication a s p e c t s  of 
longwal l  mining. 
1 DESCRIPTION OF LONGWALL M I N I N G  TECHNIQUE 
An unders tand ing  of t h e  mechanics of longwal l  mining i s  e s s e n t i a l  f o r  
a n  a p p r e c i a t i o n  of telecommunication needs .  The longwal l  mining technique 
uses  roof  suppo r t s  t o  enab le  an  e n t i r e  b lock  of c o a l  (as  l a r g e  a s  5 ,000 by 
600 f e e t )  t o  be removed. I n  t h e  United S t a t e s ,  head and t a i l  e n t r i e s  a r e  
f i r s t  d r i v e n  t o  t h e  r e a r  of t h e  pane l  ( f i g .  I ) ,  and t hen  t h e  longwal l  r e t r e a t s ,  
the reby  removing t h e  e n t i r e  seam between t h e  head and t a i l  e n t r i e s .  
1 Each longwal l  system i n s t a l l a t i o n  must be custom b u i l t  f o r  the  seam i t  
i s  t o  mine. The upper p o r t i o n  of f i g u r e  2 shows one of t he  b a s i c  "bu i ld ing  
blocks"  of t h e  sys tem,  t h e  so - ca l l ed  roof  s u p p o r t ,  which i nc ludes  hyd rau l i c  
rams t h a t  a l l ow  t h e  roof  p l a t e s  t o  be  i n d i v i d u a l l y  r a i s e d  and lowered. A 
number of roof suppo r t s  a r e  placed nex t  t o  each  o t h e r  ( a s  shown i n  t h e  lower 
p o r t i o n  of f i g u r e  2 ) ,  t o  provide cover  f o r  t h e  miners  ope ra t i ng  t h e  mining 
machine. The machinery on t h e  l e f t  i s  p laced a g a i n s t  t h e  c o a l  f a c e .  It con- 
s i s t s  of a  plow o r  a  s h e a r e r  mining machine used t o  remove t h e  c o a l  and a  
c h a i n  conveyor f o r  hau lage .  
The c o a l  i s  removed from the  f ace  by us ing  e  
s h e a r e r .  The plow i s  a  b i d i r e c t i o n a l  c u t t i n g  and 
t y p i c a l l y  moves a t  speeds  of 3 t o  4 f t / s e c  a long 
I 
Direction of mining 
I 
FIGURE 1. - P l a n  of l ongwa l l  section. 
i t h e r  a  plow ( f i g .  3 )  o r  a  
load ing  machine which 
t h e  f a c e ;  it i s  pu l l ed  o r  
d r i v e n  by a  c h a i n ,  and t ake s  
sha l low c u t s  a  few inches  
deep under t h e  c o n t r o l  of 
t he  headgate  o p e r a t o r ;  t h a t  
i s ,  an ope ra to r  l oca t ed  on 
t h e  f r e s h - a i r  s i d e  of t h e  
longwal l .  The plows a r e  
u s u a l l y  t h e  p r e f e r r e d  long- 
w a l l  machine i n  very  low 
c o a l .  F igure  4 shows a  
Be lg ian  miner remote l y  con- 
t r o l l i n g  t h e  movement of a  
plow; f i g u r e  5 i s  a  p l a n  
view of plow machine 
i n s t a l l a t i o n s .  
The s h e a r e r s  a r e  much 
b u l k i e r  machines t han  plows, 
and a r e  i m p r a c t i c a l  f o r  use i n  
v e r y  low c o a l  because of t i g h t  
A f t e r  a  d i s a s t e r ,  i t  has been found t h a t  workers t rapped underground 
usua l ly  cons t ruc t  ba r r i cades  t o  p r o t e c t  themselves from dangerous gases .  
I n  t h e  years  between 1909 and 1946, records show t h a t  i n  43 c o a l  mine 
d i s a s t e r s ,  ba r r i cades  were employed. Out of 2,844 miners involved ,  1 ,768 
miners were k i l l e d  o u t r i g h t  and 1,076 bar r icaded  themselves.  Of t h e s e ,  869 
were even tua l ly  rescued through t h e  e f f o r t s  of rescue and recovery teams, and 
t h e  remaining 207 d i ed .  The length  of confinement ranged from 1 hour t o  20 
days ,  a s  i n  the Cherry mine d i s a s t e r  i n  1909 when 259 men were k i l l e d  i n  a  
mine f i r e .  Twenty o the r s  saved themselves by ba r r i cad ing  and were rescued 
a f t e r  7  days. 
The problems of f ind ing  miners t rapped underground can  be i l l u s t r a t e d  
by the  Belva mine inc iden t  of December 26, 1945, i n  which 24 men were 
k i l l e d  by a n  explos ion .  Figure 1 shows the  l o c a t i o n  where nine men bar r icaded  
themselves f o r  53 hours i n  t h a t  p a r t i c u l a r  i nc iden t .  Rescue crews t r i e d  f o r  
2 days t o  reach  t h e  a c t i v e  a r e a  of t he  mine i n  5- and 6-Lefts while  being 
hampered by caved workings, f i r e s ,  smoke, g a s ,  and loose r o o f .  Late  on 
December 28 while  explor ing  9-Right,  they found f o o t p r i n t s .  A f t e r  i n v e s t i -  
g a t i n g ,  they found a  chalk-marked board i n d i c a t i n g  t h a t  f i v e  men were i n  
4-Left e n t r y .  I n  5 -Le f t ,  another  market was found d i r e c t i n g  searchers  t o  
second L e f t  o f f  of 5-Left .  Seven of t h e  nine men survived the  o rdea l .  A l l  
might have l i ved  i f  a  b e t t e r  ba r r i cade  had been cons t ruc t ed ,  o r  had they  been 
reached s  ooner . 
The time requi red  t o  rescue  bar r icaded  miners i s  c r i t i c a l .  I n  the 
recorded cases  of ba r r i cad ing ,  75 percent  of the  su rv ivo r s  were rescued wi th in  
10 hours .  
Need f o r  Voice Communication 
The va lue  of vo ice  communication i s  n o t  r e a d i l y  documented; however, 
any information t h a t  could be exchanged between the  t rapped miners and t h e  
rescuers  dur ing  a  rescue e f f o r t  would be advantageous. Such information a s  
unusual condi t ions  known t o  t h e  miners trapped o r  medical advice f o r  them t o  
fo l low u n t i l  a i d  a r r i v e d  a r e  two examples. I n  o the r  words, a  system t h a t  
would provide the  l o c a t i o n  of trapped miners and permit c m u n i c a t i o n  wi th  
them would inc rease  the p r o b a b i l i t y  of t h e i r  rescue  and reduce hazards t o  t he  
rescue and recovery team. 
DESCRIPTION OF SYSTEMS 
Electromagnet ic  and Seismic Systems 
The Bureau has developed two systems f o r  l o c a t i n g  and communicating wi th  
t rapped miners:  a  se i smic  system and an  electromagnet ic  (EM) system. The 
seismic system r e l i e s  on d e t e c t i o n  of minute ground v i b r a t i o n s  r e s u l t i n g  from 
a miner (s )  banging on t h e  roof  o r  r i b s  w i th  some heavy ob jec t  found i n  t h e  
mine. This system i s  e s s e n t i a l l y  ope ra t iona l  and i s  being t e s t e d  a t  numerous 
mine s i t e s .  
FIGURE 2. - Hydraul ic roof-support equipment and chain conveyors for longwal l  faces. 
FIGURE 3. - Coal being removed from face by  plow (top) and shearer (bottom), 
c learances  and dus t  problems. However, shearers  may be s e l e c t e d  i n  p re fe r -  
ence t o  plows where t h e r e  a r e  hard inc lus ions  i n  the  c o a l  seam, or  when roof 
condi t ions  a r e  d i f f i c u l t .  The shea re r  u sua l ly  r i d e s  on the  conveyor and 
r equ i r e s  a n  e f f e c t i v e  guidance system t o  avoid damage t o  t h e  pan l i n e  and t o  
prevent  dera i lment .  As the  shea re r  moves along the f a c e ,  c u t t i n g  t y p i c a l l y  t o  
a  depth of 2 f e e t ,  it i s  con t ro l l ed  by t r a v e l i n g  ope ra to r s .  I n  Europe, t h e  
shea re r s  a r e  radio-remote-control led t o  reduce the  exposure of opera tors  t o  
dus t  and enable them t o  work from a more e f f e c t i v e  vantage po in t .  I n  t he  
United S t a t e s ,  t he  use of r a d i o  remote c o n t r o l  i s  s t i l l  under i n v e s t i g a t i o n .  
FIGURE 4. - Belg ian miner control l ing movement of plow by remote control, 
FIGURE 5. - P lan v iew of plow-machine instal lat ions. 

F i g u r e  6 ( c r o s s - s e c t i o n a l  views of t h e  equipment) sliows how s h e a r e r  and 
plow equipment i s  i n s t a l l e d  i n  h i g h  and low c o a l .  A f t e r  a  few f e e t  of t h e  
c o a l  f a c e  has  been removed, t h e  roof  s u p p o r t s  a r e  moved fo rward ,  one a t  a 
t i m e ,  by lowering t h e  roof  p l a t e s  and o p e r a t i n g  a  h y d r a u l i c  ram t o  p u l l  t h e  
u n i t  forward.  F i g u r e  7 shows a  t y p i c a l  longwal l  s i t e .  Here a g a i n ,  c o m u -  
n i c a t i o n  equipment t h a t  a l l o w s  longwal l  mining t o  be done remote ly  i s  a n  
impor tan t  f a c t o r  be ing  i n v e s t i g a t e d .  
FIGURE 7. - A typical longwall operation. 
VOICE COMMUNICATION ON LONGWALLS 
Requirements 
A r e p r e s e n t a t i v e  longwall  face  crew might be comprised of a  foreman, two 
s h e a r e r  o p e r a t o r s ,  t h r e e  chock advance miners ,  one or  two mechanics,  and 
headgate o p e r a t o r ,  and one miner a t  the t a i l g a t e .  Voice communication i s  
f r equen t ly  r equ i r ed  between the  headgate and t a i l g a t e  and t o  the s e c t i o n  
foreman, wherever he i s  l oca t ed .  
Figure 8 t y p i f i e s  the  cond i t i ons  encountered i n  longwall  mining. Since 
the miners must work under r a t h e r  crowded c o n d i t i o n s ,  s t a r t i n g  and s topping  
the  conveyor and mining machines a r e  p a r t i c u l a r l y  c r u c i a l  opera t ions  when i t  
i s  e s s e n t i a l  t h a t  everyone on t h e  face knows what i s  happening. During 
maintenance o p e r a t i o n s , f r e q u e n t  interchange of information between miners 
working a t  va r ious  po in ts  along the face  i s  t y p i c a l .  With improved comrnu- 
n i c a t i o n  channe l s ,  the c a p a b i l i t y  of  de sc r ib ing  and l o c a t i n g  problems and 
coord ina t ing  maintenance e f f o r t s  reduces downtime--and downtime i s  c r i t i c a l  
i n  longwall  p r o d u c t i v i t y .  
Figure 9 ,  a  longwall  i n s  t a l l a t i o n  i n  low c o a l ,  dramatica l l y  i l l u s t r a t e s  
the  l im i t ed  working space i n  longwall  mining. The a r e a  c o n s i s t s  of a  long 
l a t e r a l  t unne l  i n  which equipment may be e a s i l y  damaged. Moreover, i t  i s  
f a t i g u i n g  t o  t r a v e l  any apprec iab le  d i s t ance  t o  g e t  t o  pager phones placed 
along t h e  f a c e ,  and t h e  no ise  background i s  h igh .  Therefore ,  a  pager phone 
designed s p e c i f i c a l l y  f o r  longwall  mining a p p l i c a t i o n s  should meet the  
fol lowing requirements : 
1. Minimum s i z e .  
2 .  Rugged c a s e .  
3 .  D i r ec t  a c o u s t i c  energy a  long t h e  f a c e .  
4 .  Rugged cab le  and connector des ign  t o  surv ive  i n  a  harsh environment.  
5 .  S u f f i c i e n t  power t o  permit ope ra t i on  along the maximum length  of the  
longwall .  
6 .  C e r t a i n  c o n t r o l  and s i g n a l i n g  f e a t u r e s  t h a t  can be incorpora ted  i n t o  
the pager phone system. 
7 .  Speakers pro tec ted  from b l a s t i n g  damage. 
Pager Phones 
U.S. longwall  faces  commonly use s tandard  U.S. pager phones a s  a  means 
of i n t r a f a c e  communication, but  the  U.S. pager phones do not  provide an 
adequate face  communication system. Major problems a r e  a s  follows : 
FIGURE 8. - Typ ica l  condit ions encountered i n  longwall mining. 
FIGURE 9. - D i f f i cu l t  working environment found i n  longwall mining. 
1. The phones and cab l e s  a r e  e a s i l y  damaged due t o  c lo se  q u a r t e r s  and 
severe  environment. 
2 .  Niners on the  face  have t o  t r a v e l  50 t o  100 f e e t  t o  use phones; 
sometimes phones can surv ive  only a t  the headgate o r  t a i l g a t e ,  which i s  
marg ina l ly  accep tab l e  on a  s h o r t  f a c e ,  say  250 f e e t ,  bu t  u n s a t i s f a c t o r y  on 
faces  a s  long a s  400 f e e t ;  i n  c o n t r a s t ,  phones a r e  placed 40 t o  50 f e e t  
a p a r t  i n  West Germany. 
3 .  The conveyor c r e a t e s  a  high-noise  environment,  and shea re r  no ise  
o f t e n  makes i t  impossible f o r  shea re r  ope ra to r s  t o  hear  a  page. 
4 .  Communication, of cou r se ,  t akes  p l ace  l a t e r a l l y  a long the  f a c e ,  and 
U . S . pager phones d i r e c t  a c o u s t i c  energy perpendicu la r  t o  t h i s  d i r e c t i o n ,  and 
t h i s  mounting a l s o  makes them s e n s i t i v e  t o  b l a s t i n g .  
The small  s i z e  of t he  U.S. market means t h a t  no U.S. manufacturer i s  l i k e l y  
t o  launch a  program t o  develop an  improved pager-phone system t h a t  s a t i s f i e s  
t he  l i s t e d  requirements .  
Severa l  European sys  tems , however, a r e  a v a i l a b l e  t h a t  do meet them. 
Representa t ive  of these  i s  the B r i t i s h  ~ i v a d '  system, which i s  marketed i n  
t h i s  count ry .  Figure 10 shows the  Sivad pager phone, which has a l r eady  been 
i n s t a l l e d  i n  a  f e w  U.S. longwalls and i s  r epo r t ed ly  w e l l  accepted .  Figure 11 
shows the Sivad main c o n t r o l  u n i t ,  which i s  i n s t a l l e d  a t  the  headgate .  Other 
Luropean systems s u i t a b l y  rugged f o r  the longwall  environment a r e  the German 
Amplifier Un~t Type 15840 
FIGURE 10. - Br i t ish Sivad pager phone, 
 he use of company names i s  f o r  in format iona l  purposes only and does no t  
imply endorsement by t h e  Bureau of Mines. 
Funke and Hus te r  pager phone 
and t h e  French Phoni l e c  
sys tem.  These two sys tems ,  
however,  have n o t  been 
marketed i n  t h e  Uni ted 
S t a t e s  b u t ,  h o p e f u l l y ,  w i l l  
be a v a i l a b l e  i n  t h e  f u t u r e .  
Some o f  t h e  f e a t u r e s  of 
European longwal l  pager  
phone s y s  tems a r e  p u l l - w i r e  
s i g n a l i n g ,  machinery lock- 
o u t  b u t t o n s  , p r e s t a r t  warn- 
i n g ,  f a u l t  d e t e c t o r s  ( i n  
some c a s e s )  which s t o p  t h e  
machinery,  b l a s t - p r o o f  
d e s i g n ,  and a  c e n t r a l  power 
supp ly  a t  t h e  headga te  w i t h  
s t andby  b a t t e r i e s  i n  t h e  
i n d i v i d u a l  phone u n i t s .  
For t h e  p o t e n t i a l  U.S. 
u s e r ,  t h e r e  a r e ,  of c o u r s e ,  
problems a s s o c i a t e d  w i t h  
t h i s  equipment.  The f i r s t  
7 
i s  expense .  A 10-phone 
FIGURE 11. - Sivad system main control unit, sys tem i n c o r p o r a t i n g  a l l  of  
t h e  d e s i r e d  f e a t u r e s  may ~ - -  -~ 
c o s t  around $25,000.  A -  
10-phone sys tem w i t h  vo ice -on ly  c a p a b i l i t i e s  might c o s t  on ly  abou t  $6,000 t o  
$7,000,  b u t  t h i s  i s  s t i l l  a t  l e a s t  twice  a s  much a s  a  U.S. pager  phone system.  
Secondly ,  t h e r e  a r e  a  l i m i t e d  number of s u p p l i e r s .  T h i r d l y ,  a  mine may have 
t o  e i t h e r  c a r r y  i t s  own i n v e n t o r y ,  o r  expec t  long  l e a d  t imes  i n  g e t t i n g  s p a r e  
p a r t s .  F i n a l l y ,  in-house maintenance s k i l l s  have t o  be developed.  However, 
g i v e n  t h e  h i g h  c o s t  of a  longwal l  sys tem (on t h e  o r d e r  of $ 1  t o  $2 m i l l i o n ) ,  
a  p roper  unders tand ing  of t h e  v a l u e  o f  a  good pager  phone sys tem i n  reduc ing  
downtime i n d i c a t e s  t h a t  s o l u t i o n s  t o t h e s e  problems a r e  wor th  c o n s i d e r i n g .  
Radio communications for longwall 
(UHF - Unaided) 
UHF Radio Equipment 
Wi th in  t h e  scope of the  
~ u r e a u ' s  program, t h e  f e a s i b i l i t y  
of u s i n g  two-way p o r t a b l e  r a d i o  
equipment was i n v e s t i g a t e d .  
I d e a l l y ,  a l l  t h e  miners  on the  
Typical Range longwal l  f a c e  would c a r r y  s m a l l ,  
Low coal: 100 - 200 feet 
High coal: 250 - 350 fee t  
l i g h t ,  w a l k i e - t a l k i e s  , making wi re -  
l e s s  communication p o s s i b l e  t o  any 
p a r t  of  t h e  f a c e  a r e a ,  a n d ,  t o  a  
Special condition: Shield support, high coal l i m i t e d  e x t e n t ,  down t h e  head 
Up to 1,000 f e e t  e n t r y .  The Bureau has conducted 
s e v e r a l  exper iments  u s i n g  UHF 
FIGURE 12. - T y p i c a l  ranges found i n  longwal l  r a d i o s  f o r  t h i s  purpose .  I n  t h e s e  
UHF rod io commun icat  ions. exper iments  , 2-watt  , mine- 
p e r m i s s i b l e ,  p o r t a b l e  wa lk ie -  
Radio comrnunlcat lons fo r  longwal l  
(UHF - Cable aided, pass~vei  
t a l k i e s  were used .  As shown 
i n  f i g u r e  1 2 ,  when t h e  u n i t s  
a r e  used by themse lves ,  
e f f e c t i v e  communication i s  
l i m i t e d  i n  low c o a l  t o  a  
T y p ~ c a l  Range 
LOW coal: 250 - 350 f e e t  
High coal: 400 - 500 feet 
d i s t a n c e  rang ing  from 100 t o  
200 f e e t ,  and i n  h igh  c o a l  
from 250 t o  350 f e e t .  
(Under some s p e c i a l  condi-  
t i o n s ,  such a s  a  s h i e l d  
s u p p o r t  sys tem i n  v e r y  h igh  
FIGURE 13. - Enhancement of UHF radio communication c o a l ,  t h e  range i s  good f o r  
range us ing leaky-feeder coax ia l  cable. about  1 ,000  f e e t  . )  These 
d i s t a n c e s  can  be i n c r e a s e d  
i f  a  l eaky  f e e d e r  c o a x i a l  c a b l e  i s  s t r u n g  a long  t h e  f a c e  and t e rmina ted  w i t h  
an tennas  ( f i g .  13) .  A p a s s i v e  c a b l e  of t h i s  type  a s s i s t s  t r a n s m i s s i o n  and 
i n c r e a s e s  t h e  communication d i s t a n c e  t o  250-350 f e e t  i n  low c o a l  and 400-500 
f e e t  i n  h igh  c o a l .  
Cable Transmission can  be 
f u r t h e r  enhanced by adding 
a r e p e a t e r  t o  t he  cable  a t  
the  headgate and te rmina t ing  
i t  i n  a n  antenna a t  t h e  t a i l -  
ga t e  ( f i g .  1 4 ) .  For t h i s  
a p p l i c a t i o n ,  a MESA-approved, 
ba t t e ry -ope ra t ed ,  r a d i o  
Typical Range 
Low and high coal :  Any practical distance 
r epea t e r  i s  marketed by 
Motorola ( f i g .  15) .  By 
us ing  the  r epea t e r  and c a b l e ,  
communication can be e s t ab -  
FIGURE 14. - Enhancement of radio communication range lished over any practical 
b y  using repeater and leaky-feeder coaxial distance fo r  both high and 
cable. low c o a l .  
Some MESA-approved 
po r t ab l e  UKF r a d i o  equipment 
i s  shown i n  f i g u r e  16.  An 
o lde r  type walk ie- ta lk ie  i s  
shown i n  c o n t r a s t  t o  t he  
newer, more compact types .  
Figure 17 shows seve ra l  
types of antennas t h a t  can 
be used t o  terminate  the  
leaky-feeder cab le .  A 
s p e c i a l  c a b l e ,  known a s  
RADIAX, i s  marketed by 
Andrews Corp. f o r  leaky- 
f eede r  a p p l i c a t i o n s .  The 
Bureau of Mines has a l s o  
experienced success i n  us ing  
l e s s  expensive RG8 /U cable , 
which has t h e  advantage of 
mechanical f l e x i b i l i t y .  
This type c a b l e ,  however, i s  
no t  recommended f o r  passive 
systems,  bu t  only those 
using a r epea t e r .  Other 
forms of leaky-feeder cables  
have been developed i n  
Europe . 
FIGURE 15. - MESA-approved Motorola UHF repeater 
battery pack with "hardhat" antenna 
HT 220 walkie-talkies. 
and 
and 
One of the  disadvan- 
tages of the s tandard  walkie- 
t a l k i e  i s  t h a t  i t  r equ i r e s  
a t  l e a s t  one hand t o  opera te  
i t ,  and some longwall miners 
r e q u i r e  both hands f r e e  t o  
opera te  t h e i r  equipment. 
Figure 18 shows a 
FIGURE 16. - MESA-approved portable UHF radio equipment and accessories. 
FIGURE 17. - Three types of U H F  antennas used to terminate leaky-feeder cable. 
chest-mounted r a d i o  i n  a n  
experimental  i n t e r f a c e ,  
designed by the  Bureau, which 
provides "hands-free" opera- 
t i o n .  The push-to-transmit 
switch i s  ac tua ted  by move- 
ments of the miner ' s  elbow. 
Low- and Medium- 
Frequency Radio 
A l imi t ed  number of 
experiments have been 
c a r r i e d  out using low o r  
medium frequency a s  opposed 
t o  UHF r ad ios .  The advan- 
tage of these  frequencies  
i s  t h a t  both theory and 
experiment tend t o  show t h a t  
they can provide t r u l y  wire- 
l e s s  communication along the  
longwall f ace .  The problem, 
of cou r se ,  i s  the  lack  of 
commercially a v a i l a b l e  
equipment t h a t  i s  s u f f i -  
c i e n t l y  small  and rugged f o r  
the mine environment. 
Figure 1 9  shows a 
Japanese low-frequency 
induct ive  r a d i o  t h a t  was 
t r i e d ,  wi th  l imi t ed  success ,  
on a low-coal longwall 
FIGURE 18. - Chest-mounted UHF radio offers "hands- The Lee Engineer- 
free" operation. ing Div is ion  of Consolida- 
t i o n  Coal Co. has r e c e n t l y  
developed a medium-frequency r a d i o  t h a t  may have promise a s  a u s e f u l  longwall 
communication a i d  ( f i g .  2 0 ) .  
FIGURE 19. - Low-frequency radio manufactured by  Japanese firm. 
FIGURE 20. - Medium-frequency radio and antenna developed by L e e  Engineering. 
RECOMMENDATIONS 
E f f e c t i v e  communication i s  an  i n t e g r a l  and v i t a l  p a r t  of t h e  longwall  
mining process .  As a  r e s u l t  of t h i s  s t u d y ,  i t  i s  be l i eved  t h a t  four  important  
recommendations can be made. The f i r s t  i s  t h a t  equipment manufacturers  should 
inc lude  communications equipment a s  an  i n t e g r a l  p a r t  of t h e  des ign  of t he  
o v e r a l l  longwall  i n s t a l l a t i o n .  The second i s  t h a t  a  v a r i e t y  of a l t e r n a t i v e s  
t o  t h e  face  communication system can and should be considered f o r  meeting t h e  
needs of s p e c i f i c  longwall  i n s t a l l a t i o n s  because no s i n g l e  type of system i s  
s u i t e d  t o  a11 s i t u a t i o n s .  These a l t e r n a t i v e s  inc lude  t h e  fol lowing:  
Rugged pager-phone systems designed s p e c i f i c a l l y  f o r  t he  face  environment,  
and inco rpo ra t i ng  s i g n a l i n g  and c o n t r o l  f u n c t i o n s ,  a s  w e l l  a s  t h e  loud- 
speaking te lephone.  
UHF po r t ab l e  r a d i o  ope ra t i ng  e i t h e r  wire l e s s  o r  cable-aided.  
LOW-frequency/medium-frequency por t ab l e  w i r e l e s s  r a d i o  communication when 
i t  becomes a v a i l a b l e .  
The t h i r d  recommendation i s  t h a t  i n  s p i t e  of the  p o t e n t i a l  problems of dea l ing  
with an  overseas  manufacturer ,  p r e sen t  and f u t u r e  owners and ope ra to r s  of 
longwall  sy s  tems should cons ider  us ing  European equipment. The f o u r t h  i s  t h a t  
development of improved communication systems and remote c o n t r o l  equipment f o r  
longwall  opera t ions  can and should proceed i n  advance of t h e  longer  term 
p r o j e c t s  aimed a t  ach iev ing  s u b s t a n t i a l  automation of longwalls .  
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MEDIUM-FREQUENCY MINE WIRELESS RADIO 
by 
Robert L. Chufo ,l Robert L. Lagace ,2 and Lawrence R .  wilson3 
ABSTRACT 
The Bureau of Mines i s  developing a  medium-frequency , wire le s s  cornrnunica- 
t i o n s  system f o r  use i n  the  working a reas  and haulageways of U .  S. coa l  
mines t o  s a t i s f y  needs not met by present  r a d i o  equipment. S ignal  s t r eng th  
measurements taken a t  s eve ra l  mines t o  da t e  have shown t h a t  the low frequency- 
medium frequency wi re l e s s  range a t t a i n a b l e  i n  d i f f e r e n t  c o a l  seams can be 
highly v a r i a b l e ,  but  t h a t  the most favorable o v e r a l l  performance occurs i n  
the  medium-frequency band of approximately 300 t o  1,000 k i l o h e r t z .  
Two prototype po r t ab le  medium-frequency r a d i o  u n i t s  and a  f ixed  s t a t i o n  
r a d i o  u n i t  have been designed and f ab r i ca t ed  t o  provide two-way voice commu- 
n ica t ions  between roving miners.  A range of 1,350 f e e t  i n  conductor-free 
a reas  i s  t he  g o a l -  These prototype u n i t s  a re  being t e s t e d  i n  s e v e r a l  mines 
across  the  coun t ry ,  i n  conjunct ion wi th  a  s igna l - s t r eng th  measurement program 
t o  determine the  most favorable opera t ing  frequencies  and methods of improving 
the  performance and app l i ca t ions  of medium-frequency mine wi re l e s s  r ad io .  
INTRODUCTION 
MI? mine wi re l e s s  r a d i o  i s  intended t o  meet roving miner communication 
needs s i m i l a r  t o  those met by UHF sect ion-to-place r ad io .  As descri.bed i n  the  
paper dea l ing  wi th  UHF sect ion-to-place r a d i o  being presented i n  t h i s  seminar 
s e s s i o n ,  t h e  miners involved a r e  t y p i c a l l y  s e c t i o n  foremen, maintenance 
workers,  v e n t i l a t i o n  crews, and machine opera tors .  An e f f e c t i v e  medium- 
frequency r a d i o  system would answer the  following communication needs: 
1. Miners working on b a s i c  room-and-pillar s ec t ions  and on sec t ions  with 
s p e c i a l  needs,  such a s  longwal ls ,  and sec t ions  having ful l -dimension haulage 
sys tems . 
2 .  Miners opera t ing  veh ic l e s  i n  mines wi th  t r a c k l e s s  and t r o l l e y l e s s  
haulage (discussed i n  I C  8744). 
3 .  Members of rescue teams during mine rescue ope ra t ions ,  thereby 
removing t h e  need f o r  inconvenient t r a i l i n g  wi re s .  
' E l e c t r i c a l  eng inee r ,  I n d u s t r i a l  Hazards and Communications , Pi t t sburgh  Mining 
and Safe ty  Research Center ,  Bureau of Mines, P i t t sbu rgh ,  Pa. 
2 ~ l e c t r o n i c  Systems Sec t ion ,  Arthur D .  L i t t l e ,  I n c . ,  Cambridge, Mass. 
3 ~ o l l i n s  Radio Group, Rockwell I n t e r n a t i o n a l ,  Cedar Rapids , Iowa. 
Presen t  commercially a v a i l a b l e  UHF po r t ab l e  and mobile r a d i o  equipment 
i s  w e l l  s u i t e d  f o r  s a t i s f y i n g  many of t he se  communication needs.  However, 
r a d i o  s i g n a l s  i n  t he  UHF band s u f f e r  from one disadvantage t h a t  can sometimes 
be s e r i o u s ;  f o r  example, i n  cases  where i t  i s  e s s e n t i a l  t h a t  two miners  
communicate around more t han  one co rne r  and through c e r t a i n  kinds of permanent 
v e n t i l a t i o n  s toppings  . The UHF r a d i o  communication range can  be s eve re ly  
reduced i n  e i t h e r  c a s e .  This  range r educ t i on  occurs because UHF r a d i o  waves 
tend t o  be confined w i t h i n  t he  boundaries  of mine t u n n e l s .  Medium-frequency 
waves,  on t h e  o t h e r  hand,  propagate o r  t r a v e l  through the  c o a l  seam a s  i f  t h e  
network of mine t unne l s  were not  t h e r e .  
The underground c o a l  mining i n d u s t r y ' s  ex t ens ive  and long-standing 
exper ience  wi th  t r o l l ey -wi r e  ca r r ie r -phone  systems has shown t h a t  a mine 's  
e l e c t r i c a l  w i r i n g ,  t r a c k s ,  t r o l l e y  w i r e s ,  phone l i n e s ,  and a i r  l i n e s  can be 
used t o  c a r r y  low-frequency r a d i o  s i g n a l s  throughout underground c o a l  mines ,  
even t o  l o c a t i o n s  some d i s t a n c e  from t h e  t r o l l e y  w i r e - r a i l  haulage system. 
Recen t ly ,  t he  Bureau of Mines bought and t e s t e d  underground some pro to type  
335-k i loher tz  p o r t a b l e  r a d i o s  t h a t  a r e  manufactured i n  South A f r i c a .  The 
w i r e l e s s  communication ranges  ob ta ined  w i t h  t he se  u n i t s  were q u i t e  good and ,  
i n  f a c t ,  much g r e a t e r  t h a n  o r i g i n a l l y  a n t i c i p a t e d  from t h e o r e t i c a l  p r e d i c t i o n s .  
However, t he  t e s t s  l e f t  some doubt a s  t o  whether 335 k i l o h e r t z  was t he  most 
f avo rab l e  o p e r a t i n g  frequency i n  U.S. c o a l  mines.  I n  a d d i t i o n ,  t he se  p a r t i c -  
u l a r  u n i t s  showed some s i z e ,  we igh t ,  and s u p p l i e r  d i sadvantages .  
I n  view of t he se  problem a r e a s ,  the  Bureau of Mines i n i t i a t e d  a 
measurements and hardware development program t o  r e so lve  these  i s s u e s  and 
h e l p  t o  develop a medium-frequency u n i t  t h a t  would meet t he  po r t ab l e  w i r e l e s s  
communication needs t h a t  remained u n s a t i s f i e d  by UHF r a d i o .  The program 
o b j e c t i v e s  were t o  determine which ope ra t i ng  f requenc ies  i n  t h e  low- and 
medium-frequency r a d i o  bands a r e  b e s t  s u i t e d  t o  w i r e l e s s  a p p l i c a t i o n s  i n  U.S. 
room-and-pi l lar  c o a l  o p e r a t i o n s ,  t o  de s ign  a s s o c i a t e d  s m a l l ,  l i gh twe igh t  
p o r t a b l e  equipment f o r  use by t h e  U.S. mining i n d u s t r y ,  and t o  achieve a r a d i o  
range of 1 ,350 f e e t  wi thout  t he  a i d  of mine w i r i n g .  
DISCUSSION OF EQUIPMENT AND MEASUREMENTS 
The medium-frequency w i r e l e s s  program i s  being pursued s imultaneously on 
two f r o n t s  : 
1. A pro to type  hardware development e f f o r t ,  based on t h e  favorab le  
r e s u l t s  of an  i n i t i a l  s e t  of r a d i o  propagat ion measurements i n  t h e  P i t t sbu rgh  
c o a l  seam. 
2.  A more ex t ens ive  s e t  of p ropaga t ion  measurements, cover ing s e v e r a l  
c o a l  seams, t o  acqu i r e  d a t a  on which t o  base improvements t o  t h e  pro to type  
hardware.  
Medium-Frequency Mine Wire less  Radio Hardware 
The p re sen t  p ro to type  medium-frequency mine w i r e l e s s  r a d i o  i s  a s i n g l e -  
f requency (520-k i loher tz )  FM system developed by Co l l i n s  Radio f o r  t he  Bureau 
of Mines. It provides push-to- talk,  pa r ty - l i ne  r ad io  communication i n  a  
manner s i m i l a r  t o  t h a t  experienced wi th  mine t r o l l e y  c a r r i e r  phones. Such a  
system al lows a l l  miners equipped wi th  po r t ab l e  rad ios  o r  f i x e d  s t a t i o n  u n i t s  
w i t h i n  communication range of t h e  system t o  t a l k  wi th  one another .  These 
s ingle- f requency ,  t ransmi t - rece ive  medium-frequency u n i t s  provide f o r  a  
s impler  des ign  than  the  two-frequency (one t o  t ransmi t  and another  t o  r e c e i v e )  
UHF por t ab le  r ad ios  d iscussed  i n  t he  UHF sec t ion- to-p lace  r a d i o  paper.  On 
t h e  o ther  hand, the  s ingle-frequency des ign  does not  lend i t s e l f  t o  the  use 
of r e p e a t e r s  t o  e f f e c t i v e l y  double the  range of communication, a s  i s  t he  case  
wi th  commercially a v a i l a b l e  UHF r ad ios .  Thus , i t  may be d e s i r a b l e  even tua l ly  
t o  i nco rpora t e  two-f requency opera t ion  i n t o  t h e  medium-frequency w i r e l e s s  
r a d i o s .  
Figure 1 shows a  miner equipped wi th  a  po r t ab l e  medium-frequency r a d i o  
c o n s i s t i n g  of a b e l t - c a r r i e d  t r ansmi t t e r - r ece ive r  u n i t  and a  bandol ie r - type ,  
oval-shaped loop antenna.  The t r ansmi t t e r - r ece ive r  e l e c t r o n i c s  of the  proto-  
type po r t ab l e  and f ixed  
s t a t i o n  u n i t s  a r e  i d e n t i c a l ;  
the t r a n s m i t t e r s  a r e  capable 
of genera t ing  20 w a t t s ,  and 
the  r e c e i v e r s  a r e  of con- 
ven t iona l  superheterodyne, 
s ingle-conversion des ign  
cha rac t e r i zed  by high 
s e n s i t i v i t y .  A l l  
t ransmi t  t e r - r e c e i v e r  e  lec-  
t r o n i c s  a r e  mounted on two 
p r in t ed  c i r c u i t  boards and a  
an  inner  chas s i s  contained 
i n  t he  upper compartment of 
the  b e l t - c a r r i e d  u n i t .  The 
lower,  detachable c m p a r t -  
ment houses t h e  rechargeable 
b a t t e r y  and i n t r i n s i c  s a f e t y  
p r o t e c t i o n  c i r c u i t r y .  
Figure 2 i l l u s t r a t e s  
t he  s i z e  and shape of t he  
oval-loop antenna and the  
e a s i l y  a c c e s s i b l e  c o n t r o l s  
and connectors loca ted  on 
the  top  of the  po r t ab l e  u n i t .  
Included a r e  t h r e e  
connectors : one f o r  t he  
speaker-microphone , one f o r  
the  an tenna ,  and a  t h i r d  f o r  
connect ing a  b a t t e r y  charger .  
Thus, t h e  b a t t e r y  may be 
convenient ly charged through 
FIGURE 1. - Miner equipped w i th  portable medium-fre- a connector without  removing 
quency mine wi re less radio and loop the battery compartment. 
antenna. 
FIGURE 2. - Closeup of portable medium-frequency mine wireless radio and oval-shaped 
bandolier loop antenna. 
The u n i t  has  a l s o  been designed s o  t h a t  t h e  t r a n s m i t t e r - r e c e i v e r  e l e c t r o n i c s  
i n  t h e  upper compartment a r e  n o t  exposed when t h e  b a t t e r y  compartment i s  
removed. Continuous c o n t r o l s  f o r  volume and s q u e l c h ,  and a  togg le - swi tch  
c o n t r o l  f o r  push- to - ta lk  (PTT), vo ice -opera ted  t r a n s m i s s i o n  (VOX) ,  and on /of f  
f u n c t i o n s  a r e  i n c l u d e d .  
F igure  3 shows a  miner  u s i n g  a n  in-mine f i x e d - s t a t i o n  i n s t a l l a t i o n  
c o n s i s t i n g  of a  t r a n s m i t t e r - r e c e i v e r  u n i t  and rib-mounted s i n g l e - t u r n  rec tangu-  
l a r l y  shaped loop  antenna (approximately  6 by 24 f e e t ) .  F i g u r e  4 i s  a  c l o s e u p  
view of the  f i x e d - s t a t i o n  t r a n s m i t t e r - r e c e i v e r  u n i t .  The e l e c t r o n i c s  and 
r e c h a r g e a b l e  b a t t e r y  a r e  mounted i n  a heavy-duty ,  s p l a s h p r o o f  e n c l o s u r e  t h a t  
i s  c o r r o s i o n - r e s i s t a n t  t o  w i t h s t a n d  t h e  mine environment.  The loudspeaker  
p r o v i d e s  paging c a p a b i l i t y  t o  miners  n e a r  t h e  f i x e d  s t a t i o n  and i s  
FIGURE 3. - Miner using fixed-station medium-frequency mine wireless radio and rib-mounted 
loop antenna. 
FIGURE 4. - Closeup of f ixed-station medium-frequency mine wireless radio. 
au toma t i ca l ly  d i sab led  when the  handset i s  removed from i t s  r ecep tac l e  t o  
answer o r  i n i t i a t e  a w i re l e s s  c a l l .  A l l  f i x e d - s t a t i o n  c o n t r o l s  a r e  loca ted  
i n s i d e  t h e  housing f o r  p ro t ec t ion  from moisture and mishandling. The 
t r ansmi t t e r - r ece ive r  c i r c u i t r y  and speaker a r e  mounted t o  the  hinged f r o n t  
panel  of the  housing,  providing easy access  f o r  t e s t i n g  and maintenance. A 
b a t t e r y  and a power supply-charger a r e  enclosed i n  the same housing,  and 
provis ion  i s  made f o r  connect ion t o  t he  a l t e r n a t i n g  cu r ren t  mine power. 
Radio Propagation Measurements 
The i n i t i a l  s e t  of comprehensive measurements were made i n  a conductor- 
f r e e  a r ea  of Consol idat ion c o a l ' s  I r e l and  mine i n  t h e  P i t t sbu rgh  seam. The 
60- t o  900-ki lohertz  frequency range i n  the  low-to-medium frequency band was 
covered. An a n a l y s i s  of t he  da t a  showed the fol lowing:  
1. Longer communication ranges than  an t i c ipa t ed  were achieved (over 
1,000 f e e t ) .  
2 .  Maximum ranges occurred a t  h igher  frequencies  than  expected (between 
300 and 900 k i l o h e r t z ) .  
3 .  Radio waves were not  inf luenced by the  presence of the network of 
tunnels  i n  the  coa l  seam. 
4 .  The waves remained l a r g e l y  "trapped" w i t h i n  the  c o a l  seam. 
5. The b e s t  performance occurred when the  planes of t h e  loop antennas 
of t h e  t r ansmi t t i ng  and rece iv ing  p a r t i e s  were o r i en t ed  v e r t i c a l l y  and par-  
a l l e l  t o  each o t h e r .  
Figure 5 i l l u s t r a t e s  the  p re fe r r ed  antenna o r i e n t a t i o n  i n  the c o a l  seam 
waveguide w i t h i n  which the  r ad io  waves propagate o r  t r a v e l .  
Rock 
h'o Coal seam 
Transmitting loop antenna 
0 
Receiving loop antenna 
Rock 
FIGURE 5. - Coal  seam waveguideand preferred antenna or ientat ions for medium-frequency 
mine wi re less radio. 
The "trapping" occurs mainly because the  e l e c t r i c a l  conductivi ty of the 
surrounding rock above and below i s  much higher  than t h a t  of the coa l .  This 
t rapping,  together  with the  very low value of c o a l  seam conductivi ty a t  the 
I re land mine, i s  t he  primary reason f o r  the be t te r - than-ant ic ipa ted  s i g n a l  
propagation r e s u l t s .  
The opera t ing  frequency of 520 k i l o h e r t z  f o r  the prototype medium- 
frequency rad io  equipment was chosen on the bas i s  of these r e s u l t s ,  and a 
previous f inding  (from comprehensive in-mine noise measurements by the 
National Bureau of Standards) t h a t  mine-generated e l e c t r i c a l  noise l eve l s  
genera l ly  decrease with increas ing  frequency. A higher frequency was not 
se l ec ted  t o  avoid the AM broadcast band which s t a r t s  a t  540 k i l o h e r t z .  
To determine whether the favorable I re land mine propagation condit ions 
a r e  t y p i c a l  or  except ional  forU.S.  coal  mines, s i m i l a r  propagation measure- 
ments a r e  being performed and analyzed f o r  o ther  mines i n  the Pi t t sburgh seam 
and f o r  mines i n  other  major U.S. coal  seams. These measurements a r e  expected 
t o  provide a  f i rmer foundation on which t o  base the  s e l e c t i o n  of the  most 
favorable opera t ing  frequencies fo r  the  MI? mine wire l e s s  radio  equipment, and 
on which t o  p red ic t  the expected r ad io  performance i n  d i f f e r e n t  mines. 
The need t o  v e r i f y  the  expected propagation condit ions i n  o ther  mines i s  
i l l u s t r a t e d  by t a b l e  1, which shows the d rana t i c  d i f ferences  i n  a t t a i n a b l e  
communication ranges f o r  two widely separated values of coa l  seam conductivi ty 
a t  s e l ec ted  frequencies i n  the 10- t o  1,000-ki lohertz  band. The range 
es t imates  f o r  o C o a r  = 1.4 X log4 mho/m represent  the I re land mine condi t ions ;  
those fo r  0, = lo-' mho/m represent  a  mine with coal  conductivi ty near  the  
high end of t h e  range of values expected f o r  bituminous coa l s .  It i s  a l s o  
worth mentioning here t h a t  although the  quie t - loca t ion  range es t imates  a r e  
r e a d i l y  appl icable  t o  conductor-free a r e a s ,  the noisy-locat ion range es t imates  
a r e  probably pess imis t i c .  The noisy loca t ions  a re  l i k e l y  t o  occur i n  the 
v i c i n i t y  of e l e c t r i c a l  conductors ,  which a id  s i g n a l  propagation a s  wel l  a s  
introduce e l e c t r i c a l  noise .  
TABLE 1. - Range es t imates  f o r  medium-frequency wire less  por table  F'M radios1 
high-conduc t i v i t y  rock above and be low the  c  oa 1. 
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 or two high-coal seams having d i f f e r e n t  c o a l  conduc t iv i t i e s .  but  the same 
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Resu l t s  from the  i n -  
mine propagat ion measure- 
ments program through March 
1977 show t h a t  s i g n a l  a t t e n u -  
a t i o n  r a t e s  can va ry  w ide ly ,  
p a r t i c u l a r l y  between mines 
i n  d i f f e r e n t  c o a l  seams. 
Furthermore , t he  P i t t sbu rgh  
seam i s  t h e  most favorab le  
of t h e  seams measured t o  
d a t e .  Figure  6 i l l u s t r a t e s  
t h e  r a d i o  s i g n a l  a t t e n u a t i o n  
r a t e s  obtained i n  mines i n  
t h r e e  c o a l  seams; namely, 
t he  P i t t sbu rgh  seam i n  
no r the rn  West V i r g i n i a  
(Consol idat ion c o a l ' s  I r e -  
land and Robinson Run mines ,  
and E a s t e r n  Assoc ia ted  
c o a l ' s  Federa l  No. 1 mine) ,  
t h e  Pocahontas No. 3 seam i n  
V i r g i n i a  ( I s  land Creek ' s  
VP No. 1 mine) ,  and t h e  
He r r in  No. 6 seam i n  
sou thern  I l l i n o i s  ( In land  
200 500 1000 2000 s t e e l ' s  No. 1 mine and 
FREQUENCY, kilohertz Peabody c o a l ' s  No. 10 mine).  
The Her r in  No. 6 seam 
FIGURE 6. - Medium-frequency radio signal attenuation e x h i b i t s  t h e  h ighes t  l o s s e s  
rates for mines in  three coal seams. t o  d a t e ,  t h e  P i t t sbu rgh  seam 
the  lowest .  
Data i s  expected from a n  a d d i t i o n a l  f i v e  mines ,  i nc lud ing  mines i n  low- 
c o a l  seams. The r e s u l t s  of t he se  measurements w i l l  not  only be used t o  d e f i n e  
t h e  most f avo rab l e  ope ra t i ng  f requenc ies  f o r  p roduc t ion  ve r s ions  of t h e  
medium-frequency mine w i r e l e s s  r a d i o  equipment,  bu t  a l s o  t o  e s t a b l i s h  guide- 
l i n e s  t o  a s s i s t  the  c o a l  i n d u s t r y  i n  s e l e c t i n g  and i n s t a l l i n g  such equipment 
f o r  use i n  underground c o a l  mines.  
OUTLOOK 
The pro to type  medium-frequency w i r e l e s s  r ad io s  have been t e s t e d  i n  under- 
ground mines i n  two c o a l  seams: In land  s t e e l ' s  No. 1 mine near  S e s s e r ,  Ill. , 
i n  t h e  He r r in  No. 6 c o a l  seam, and I s l a n d  Creek c o a l ' s  VP No. 1 mine, Keen 
Mountain, Va . ,  i n  the  Pocahontas No. 3 seam. These t e s t s  were conducted a s  
p a r t  of t he  ~ u r e a u ' s  program t o  i n v e s t i g a t e  the  propagat ion c h a r a c t e r i s t i c s  
of mines i n  d i f f e r e n t  c o a l  seams. The t e s t  r e s u l t s  f o r  these  520-k i loher tz  
p ro to type  r ad io s  i n d i c a t e  a  conductor-free  a r e a  communication range of about 
500 f e e t  i n  VP No. 1 and In land  No. 1, t h e  range a t  a  s p e c i f i c  frequency 
being l a r g e l y  dependent on t he  conduct ive p r o p e r t i e s  of t h e  c o a l  and ,  t o  a  
l e s s e r  e x t e n t ,  on seam th i cknes s  and conduct ive p r o p e r t i e s  of t he  surrounding 
rock .  Somewhat longer  ranges  a r e  expected f o r  mines i n  t he  P i t t s b u r g h  c o a l  
seam, which appears  t o  have more f avo rab l e  p ropaga t ion  c o n d i t i o n s .  The t e s t  
r e s u l t s  a l s o  showed t h a t  ranges  we l l  i n  excess  of t he  1 ,350-foot  goa l  a r e  
p o s s i b l e  when t he  r a d i o s  a r e  used i n  t h e  presence of mine conductors a long  
haulageways and on working s e c t i o n s .  S imi l a r  r e s u l t s  have been ob ta ined  by 
t he  Lee Engineer ing  D iv i s ion  of Consol ida t ion  Coal Co. w i t h  a 425-k i loher tz  
p o r t a b l e  medium-frequency r a d i o  r e c e n t l y  developed by Lee Engineer ing f o r  use 
on longwalls  and haulage loop-arounds . 
Fur the r  underground t e s t i n g  of t he  pro to type  MF mine w i r e l e s s  r ad io s  w i l l  
be performed i n  conjunc t ion  w i t h  t he  propaga t ion  measurements planned f o r  
s e v e r a l  mines i n  high-product ion c o a l  seams. The r e s u l t s  of t he se  t e s t s  and 
the  propaga t ion  l o s s  measurements w i l l  be used t o  improve t h e  d e s i g n ,  per-  
formance, and a p p l i c a t i o n  of f u t u r e  models of t h e  medium-frequency mine 
w i r e l e s s  r a d i o .  
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REFUGE SHELTER COMMUNICATION SYSTEM 
by 
H. Kenneth sacks1 
ABSTRACT 
Communication systems capable  of t r a n s m i t t i n g  ul t ra low-frequency s i g n a l s  
through t h e  e a r t h  have been developed,  and a  c o n t r a c t u a l  e f f o r t  i s  now i n  
progress  t o  develop a  r e l i a b l e  re fuge  s h e l t e r  communication system based on 
th rough- the-ear th  s i g n a l i n g  concepts .  Designs have been completed, and the 
f i r s t  working model w i l l  be f i n i s h e d  and ready f o r  t e s t i n g  i n  mid-1977. 
INTRODUCTION 
When i t  appears  t o  be impossible  t o  e scape ,  o r  imprudent t o  a t t empt  
e s c a p e ,  fo l lowing  a  mine f i r e  o r  exp los ion ,  miners a r e  t r a i n e d  t o  i s o l a t e  
themselves from t o x i c  gases  and smoke by e r e c t i n g  b a r r i c a d e s  of b r a t t i c e  
c l o t h  on a  wooden frame. From 1909 t o  1961, more t h a n  800 t rapped  c o a l  
miners were rescued from behind b a r r i c a d e s .  I n  t h e  p a s t  two decades ,  62 
miners  were rescued from behind b a r r i c a d e s  and 27 d i ed  behind inadequa te ly  
cons t ruc t ed  b a r r i c a d e s .  
The m a j o r i t y  of dea ths  fo l lowing  explos ions  r e s u l t  from carbon monoxide 
po ison ing .  Ba r r i cad ing ,  when p o s s i b l e ,  can be a  l i f e - s a v i n g  measure. However, 
roof f a l l s  and secondary explos ions  pose f u r t h e r  hazards  t o  miners t rapped  
underground. I n  t h r e e  i n s t a n c e s  i n  t h e  l a s t  20 y e a r s ,  m u l t i p l e  exp los ions  
have occur red .  As a  s o l u t i o n  t o  t h i s  problem, t h e  Na t iona l  Academy of 
Engineer ing  has  suggested s e c t i o n a l  o r  c e n t r a l  re fuge  chambers. 
C e n t r a l  re fuge  chambers have been e s t a b l i s h e d  by some companies. Small 
chambers ( f i g .  1 )  i n  e a r l i e r  t imes were n o t  uncommon f o r  p r o t e c t i o n  dur ing  
s h o t f i r i n g .  The main disadvantage of a  c e n t r a l  chamber i s  t h a t  i t  i s  l i k e l y  
t o  be some d i s t a n c e  away when needed. An a n a l y s i s  of mines on a n  i n d i v i d u a l  
b a s i s  would be needed before  s e l e c t i n g  t h i s  type of p r o t e c t i o n .  However, i f  
a  chamber were c o n s t r u c t e d ,  some form of communication t o  the  su r f ace  would 
be necessary  t o  inform rescue  crews t h a t  t h e  chamber was be ing  used and of t h e  
c o n d i t i o n  of i t s  occupants .  
l s u p e r v i s o r y  e l e c t r i c a l  e n g i n e e r ,  I n d u s t r i a l  Hazards and Communications, 
P i t t s b u r g h  Mining and S a f e t y  Research Cen te r ,  Bureau of Mines,  P i t t s b u r g h ,  
Pa. 
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FIGURE 1. - D iagram o f  refuge chamber. 
DISCUSSION OF PLANNED SYSTEM 
Communication t o  a  r e f u g e  s h e l t e r  cou ld  be provided by means of  a  bore -  
h o l e  equipped w i t h  a  t e l e p h o n e  p a i r  connec t ing  t o  t h e  s u r f a c e ,  by e x i s t i n g  
w i r i n g  w i t h i n  t h e  mine ,  o r  by some form of t h r o u g h - t h e - e a r t h  sys tem.  I n  a l l  
p r o b a b i l i t y ,  two sys tems would be used .  The in-mine t e l ephone  sys tem would 
be t h e  l e a s t  r e l i a b l e  a f t e r  a n  e x p l o s i o n ,  u n l e s s  t h e  c a b l e  i n s t a l l a t i o n  had 
been s p e c i f i c a l l y  hardened.  Boreholes  cou ld  prove h i g h l y  r e l i a b l e ,  b u t  a  
problem c o u l d  a s s u r e d l y  o c c u r  i f  t h e  chamber l o c a t i o n s  were moved. 
The most r e  l i a b l e  a l t e r n a t i v e  would be a  t h r o u g h - t h e - e a r t h  communication 
sys tem.  As a  r e s u l t  o f  t h e  ~ u r e a u ' s  t rapped-miner  l o c a t i o n  and r o v i n g  miner  
paging programs , s ys tems f o r  t r a n s m i t t i n g  u l t r a  low-frequency s i g n a l s  th rough  
t h e  e a r t h  have been  deve loped .  I n  f a c t ,  c o n t r a c t u a l  e f f o r t  i s  now i n  p r o g r e s s  
t o  deve lop  a  r e l i a b l e  r e f u g e  s h e l t e r  communication sys tem based on t h e s e  
t h r o u g h - t h e - e a r t h  s i g n a l i n g  c o n c e p t s .  
The system a s  p re sen t ly  
conceived would be s i m i l a r  
i n  func t ion  t o  a t e l e t y p e .  
It would be a b l e  t o  send and 
rece ive  typed messages a t  
about one cha rac t e r  per  
second. The reason f o r  t h i s  
typed-message format ,  a s  
opposed t o  v o i c e ,  i s  a v a i l -  
ab l e  power. I f  an  unl imited 
source of e l e c t r i c a l  power 
were c e r t a i n  t o  e x i s t  under- 
ground a f t e r  a n  explos ion ,  
vo ice  t ransmissions would be 
p r a c t i c a l .  The use of typed 
c h a r a c t e r s  a l lows w i r e l e s s  
conununication through a t  
l e a s t  1,000 f e e t  of over- 
burden wi th  a reasonably 
compact ba t te ry-opera ted  
u n i t .  I n  a d d i t i o n  t o  
l e t t e r s  and numbers, 
s e v e r a l  "canned" messages 
w i l l  be a v a i l a b l e  f o r  t r ans -  
mission t o  conserve time and 
power. F igure  2 i s  a n  
a r t i s t ' s  concept of t h e  
f i n i s h e d  u n i t .  
I n  case  of a n  emergency, 
FIGURE 2. - Artist's concept of the refuge shelter the  cover of t h e  through-the- 
transmitter-receiver unit. e a r t h  t r ansmi t t e r - r ece ive r  
w i l l  be opened. This  w i l l  
au toma t i ca l ly  t u r n  the  system on and cause it t o  begin t r ansmi t t i ng  a s p e c i a l  
low-power d r a i n  s i g n a l .  U n t i l  t h i s  up l ink  s i g n a l  i s  answered by a s soc i a t ed  
surface-based equipment, no o the r  messages can be t r ansmi t t ed  by t h e  under- 
ground u n i t .  This mode of opera t ion  was chosen t o  prevent  a d r a i n  of  b a t t e r y  
power by f u t i l e  message t ransmiss ions  before  t he  a r r i v a l  of people and equip- 
ment t o  r ece ive  the  t ransmissions on t h e  s u r f a c e  above the  s h e l t e r .  Once a n  
answer has been received from the surface-based u n i t ,  t h e  f u l l  range of 
allowed two-way communication w i l l  be poss ib l e .  
PROGRESS TO DATE 
A l l  designs have been completed, and the  f i r s t  working model w i l l  be 
f i n i s h e d  i n  t h e  summer of 1977 f o r  subsequent t e s t i n g  underground. 
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